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ABSTRACT 

The sixth yearbook of the Association for the 
Education ofj Teachers in Science (AETS) is focused on some of the 
issues and problems ^at face science teachers. Th^ publication^^ras . 
divided into .three parts with , part I containing discussions of topics 
of concern to society which are either science-based or a function of 
scxence teaching. Part. II deals with societal institutions or social 
movements which influence science education* Part III contains papers 
concerned ^ith the nature of the science; education/society 
/interaction. Such themes as values, interdisciplinary concerns, and 
^relevancy run through all three pcirts^of the yearbooky. (PEB) 
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PREFACE 



AETS Yearbook VI was bom in the minds of a few educators who are 
sensitive to the role of rcience in society. It was felt that there 
v&s/ls a need for a document which contains summaries of major issues 
and problems facing the teacher in science and science education in 
general. Authors were identified on the basis. that each could contri- 
bute material drawn from personal experience ^d insight that would 
come only after considerable thought and long Wolvement with the issue. 
It is fair to say that several of the chapters assumed new dimensions as 
the authors worked through the issues. Nevertheless, th^ basic structure 
of the book as originally conceived has been maintained. 

Topics in this yearbook have been identified as issues which go 
beyond the content of science or methodology of science teaching. The 
chapters are not elements of philosophy reflecting the quandry of 
science te^hing and its relationship to the nature of sci^ence. Rather, 
an attempt is made to discuss the influence of- society on both science 
and science teaching as well- as the influence of science teaching on 
society. Issues which are drawn from society ate. -^'iflu^ence the teach- 
ing of science are readily identified. The conflict between science 
and other belief systems are discussed. Elements which reflect cultural 
values and -therefore influence science and science teaching are 
developed without judgment. - • 

It would be presimptaous of those of us involved in the production 
of this yearbook to suggest that theJxleas represented here are all 
unique. Education has been in a state of ferment for a decade or more. 
Durl^ng that period of time much has been written ax^d numerous attacks 
have been made otT science as it relates to society and on science con- 
tent and science curricula. Such attacks would suggest that more 
effort must be devoted to bridging the gaps between the scientific 
community and the broadei; society • Teachers in science can play a 
significant role in identifying the knowledge needs of society. 
Teache/rs in^ science play a major part in the education of socif.ty as 
to the strength and potential of scijence. , 

■" * • . ' 

It is believed that this yearbook can be a useful resource trb those 
\fho are or will be confronted with questions and concerns that go beyond 
teaching methodology or subject matter content. Clearly, this AETS 
Yearbook does not provide answers to the issues of the day. Rather, 
the chapters are additional pieces of the puzzle or puzzles related 
to science, teaching. It is thought that Science Education/Society; 
A Guide to Interaction and Influence will serve as a valuable supple- 
mental reading for both preservice ,and inservice courses for teachers '; 
in science. 

^""^"""^ > David Ost , President 

Association for the Education 
of Teachers in Science 

January » 1978 
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INTRODUCTION 



Science/Society issues have become part of the public consciousness. 
The topics of "relevancy" are being debated by governments," business, and 
Individuals; that these topics should become pertinent in the science 
classroom should be no surprise. The papers vhich make up this Yearbook 
are designed to explore Science/Society issues from the point of view of 
science education. The issues were chosen and discussed by their author* 
to explore two aspects of Science Education/Society: th^ir interaction 
with and their influence upon each other. Part I of the Yearbook focuses 
on topics of concern to society which are either science-based or a func- 
tion of science teaching. Part II deals with societal institutions or 
social movements vhich influence science education. .Part III is con- 
cerned with nature of the Science Education/Society interaction. Common 
themes run through all these papers: themes of values, interdisciplinary 
concerns, and relevancy. ^ 

It is hoped that these papers will be practical as well as inter- 
esting. To this end the Yearbook is not a detailed and complete^ dis- 
cussion of the subjects covered but instead provides the reader with an 
overview of most important issues, discusses the importance of the issues 
to science education, makes recommendations for more in-depth study of 
topics and makes recommendations to teachers concerning the topics. The 
subtitle of the Yearbook calls it a guidevand that is just its intention: 
that the Yearbook be a sourcebook or issues book for Science Education/ 
Society, 

By nature the topics covered in these papers are controversial , It 
Ls not the intention of this Yearbook to present a particxilar point of 
r±ew or to necessarily cover all sides of a controversy. The approach 
/taken by the Yearbook was to allow experts on the topics to present 
Itheir ideaa;' Hopefully, these papers will provide controversy and 
infonaation to the extent that further reasoned consideratioa of the 
topics will result • * 

Although there is great overlap and correlation between and among 
the topics, each is treated separately and stands alone. The topics 
treated here are not exhaustive; Science/Society interactions give one 
a, constantly changing list of possibilities. It is hoped chat this 
Yearbook will prove useful and also interesting to Science educators; 
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PART I: SCIENCE EDUCATION AND ITS INFLUENCE ON AND INTERACTION 
- -SOCIEIY . 





'ERIC 



This part of the yearbook consists of twelve papers^ which 
focus on topics 6f concern to society which are either science- 
based G^r a function of science teaching. This" part might be 
visualized as shown in the figure above. The papiers have similar 
formats. Each provides an overview of the topic including appro- 
priate background information and id'itntification of major issues. 
Recommendations to teac^^a^s on ho'-js Co handle the topic are .then 
discussed. .Where appropriate, suggested instructional units, 
broad curriculum proposals, or lis^^s of "do's^and "don'ts" are 
proposed. If the author recommends to not deal with the issue 
in the^ science classroo5n, suggested defenses, use ^^d actions 
to take aire proposed. Each paper ends with a ^ist /c/f resource 
materials, suggest^^readings, or annotated bxblixigraphy^. 
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Energy is, certa^nLy one oj zne mosi^ vrrpcTPTonu sc'L.&7L(^&/iiuu^u^i^ij 
issues of OUT time. Government, the energy industry and individual 
citizens are caught up in a, morass of clavms, changes, hopes, and ^ ■ 
fears. ' Education rmst make its contribution so that upcoming generatzons 
are-mot caught in the same problems we are. Uax'tin Hetherington argues- 
that for energy education to he effective it mist consider the social 
and historical aspects of energy and'-be integrated throughout the school 
and .curriculum. Be presents a model far developing energy education 
materials which takes students through various' levels of 'cotnplexity 
from enerc^y awareness to action. * 



ENERGY . . 

Martin Hetherington • " 

. . BACKGROUND IN ENERGY EDUCATION. 



In reviewing several textbooks used ih^ middle and secondary school 
science programs one fact comes through very clearly. Energy is an 
Important concept. Additionally, it is evident that most of the infor- 
mation" deals vith' energy definitions, forms of energy, energy transfer, 
•an<i energy technology. The fault I find with this is that energy is 
not studied in relation to the fuel that produces the energy, the 
state of the art of energy technology, pr the time Idiie necessary to 
develop this technology. There is no mention of the. rate at which man 
uses his energjz^^sources. .Energy in its present, forms is referred to 
as though it will always.be present foreman's use. The concep^t'of 
'entropy is -lot well developed in most, programs* - . 

One area of energy education I did not see adequately covered in 
any of the ^Tiia^rials I-.reviewed was the interrel^itedness of energy. 
We usually teach that all energy originates from the sun, but after 
that we seldom make connections as to how energy flows through a system. 
We do this for food webs or food chs^ins. We also do some of . this when 
we tell about machines and work but we do not connect the two systems 
in any way. The^ student does not get a complete view of energy flow 
or energy transfer. " 

We do nothing with the historical, economic or social aspects of 
energy in science. We lose track of the rble energy has played in 
human civilization. These are all nee<ied to study Qur historical. use 
of energy and for students and teachers alike to better understand 
what we should expect in the future. . 



Specific Subject Matter 

, - ' ' ' * * * 

The-^ciences for years have divided energy into various disciplines. 
The biologist knows energy as it deals with living systems.. The\ physi- 
cist knows Cinergy by a series of laws, kinds of energy and tjrpes of 



energy (such- as nucle&r energy). The chemist thinks of energy in terms 
of chemical^reactions, energy level^^ of atoms, heat energy .and gas laws* 
These are all important, but no one ever tells the student how all this 
energy worlcs in the day-to-day operation of his life. Most people never 
make any connection between the conversion of energy to food when they 
think about energy. Most individuals only connect energy"^ch types of 
fuel such as gasoline with transportation, na-tural gas witiTheat, coal 
with industries and nuclear power with electricity. These are of ten the 
only connections made. Energy in the natural, system is simply taken 
for -granted or ignored. Light, sound, heat, wind, waves and all other 
^' natural forms of energy are not even considered except in theoretical 
discussions. ^ 

The physics student, reading that energy is the ability" to do work. 
Is not even thinking of the energy he is. using when he is reading words 
and processing the information.-^ / 

We must make energy education more meaningful. It must become. more 
than "something I learned in a science class." It must become a way of 
life. ... 



Energy Education Programs in the Schools ^oday 

Energy education is being taught in many schools today. Some of 
the lessons are even being taught by teachers. Many more, however, are 
from first-hand knowledge. In the winter of 1976-77 we experienced one 
of the coldest winters in history. Many schools were closed because we 
ran short of natural gas. It was ironic that Texas ^ one. of the leading 
states in the production of natural gas, was hit first by the gas short- 
age. Students are learning that fuel costs are up and this leaves less 
money for other things the family may want to buy. • There is more talk 

about energy than ever before. 

[■ . ^ 

What is happening in. schools about energy education? After the 
1973 oil embargo the federal and state governments got busy to see what 
programs could be offered to schools. The Bolton Institute, through a 
grant 'from the Federal Energy Administration, offered Energy Education 
Workshops (Bolton, 1976), These workshops were designed for teachers 
and situdents at the middle and high school levels. The goal of the 
workshops was to establish, in each. of the seven states where they were 
held, a better understanding of energy problems within the state. 
Students and teachers worked out projects and programs with the support 
^ of the state energy offices, state and local education offices, busi- 
; ness, and industry. These projects were then implemented in their 
\loca:l schools. . \ 

Other projects have been conducted by l(Dcal utility companies 
working with schools on energy education. Many materials, films, and 
- teacher packets have been made available free or at. very little expense 
by many industries. Some of these materials are well done and can be 
used by teachers and students in the classroom. Other materials are of 
no use to teachers because they are too -technical or they are too biased 
in their presentation. The federal goveimxLent, through-! several agencies 



like FEA and ERDA, has also made material available to teachers. Oak. 
Ridge had developed several programs to be used in schools. The Energy 
Environment Simulator is one example .of cooperation between EKDiV & Oak 
Ifcldge Associated Univerfef ties. These generally are an assembly type 
program which the whole , school would attend; example*? of these -would 
be» "This Atomic World" and "Energy Today & Tomorrow." Programs, such 
as ^'Energy and Man's Environment," which works directly, with the 
schools in the western United States, have been very effective. State, 
programs which operate out of colleges and universities (Wert, 1977) 
have also joined to help schools with courses such as Pennsylvania 
State University '-s Nuclear Science Course for Teachers and -Project 
Entropy which conducts workshops from Michigan State-University. The 
National Science Teachers Association has developed Energy? packets 
(Fowler, 1977) which look at energy from a social science viewpoint. 
These will be available in 1977 and can be used in science courses as 
well as social jjp:ience classes. See the resource section of this paper 
for these and TOditional materials ..and programs, 

Most of the energy education. which is being taught in the schools 
today' is on a single topidrof^^^nergy. This is usually accomplished by • 
a project dealing with ^&gy or; energy concepts taught in a science 
class. There seems to have been no attempt to incorporate energy as a 
subject into a wide variety of subject matter areas. People do not 
understand energy units, energy economics, energy conservation or many 
othe^r- Important energy concepts that affect their everyday lives. 

In 1976 the Federal Energy Administration haS three projects which 
should help to determine what energy education should do in the schools. 

One project x^s to prepare a bibliography of all energy materials 
available at that time (Jones, 1976). Another was to have a series of 
hearings to find out what education needed to teach about energy (Educa- 
tional Testing Service, 1976) and .the third ^"project was the development 
of "a K-12 curriculum matrix" for energy education (Hetherington, 1976) . 
All of these projects have been completed and the infoinnation is avail- 
able to teachers. See the resource section for information on these 
projects. 



- . . ■ YmWi ISSUES 

Science classes^ have dealt with -the topic of energy in a very 
classic way as has been mentioned above. The time has come for the 
energy issue to be faced by teachers and students and for some real 
research to be done to look at all the factors which effect energy. 
This means to look beyond the energy "facts" to how decisions about 
energy resources, energy policy, and energy research are being made. 



Resources . 

Most students are not infbrmeld about our fossil fuel supply. They • 
are not informed ab(^g| the differenceis between high sulfur and low sul- 
fur coal. They are fl^ aware of coal reserves or the problems' 



associated with strip mining and water supply or land reclamation, Thiey 
are not aware of the rate of our use of- fuel resources. They are not 
aware of the demands we place on other countries of the world because 
of our use of fuel. Many of our students are not Jeven aware that our 
• fossil fuels are non-renewable. In other words they think we can go on 
forever at an ever-increasing rate of energy use, The resource ques- - 
tion must be looked at very closely, W6 mus.t also look at fuels such 
as nuclear fuels to see how long they might last. We have not done a 
_ good- job of teaching about all the other uses we- have for petroleum 
other than burning it. If we had to list ail the. products which are 
.made from petroleum we would find the list would be quite Icgig, it we 
were to list all the energy used to produce, process, and transport 
our food we would be amazed. 

Energy Resources should be studied very carefully by bur .students'; 
because they are the ones who will be affected most directly when the 
upply runs out. 

Technology \ 

Man has done many things by developing his technology ♦ We have \ 
become smug cbout the' ability to do many things by relying oi^ tech- 
nology • We always look for a technological fix to solve our 'problem. 
We fail to sefe or to teach our students the stages of technological 
development: idea stage to theory stage, to research stage to model 
stage, to Implementation stage. Many of these things take 30 to 50 
years from the idea stage to the actual working model. In, this age of 
rapid problem solving; we b^ome accustomed to instant answers. We, 
think everything can be accomplished by ^science if we spend enough 
money and time on the problem. We must remember that the easy prob- 
lems have been solved. The 'ones yet to be solved are complex combina- 
tions of man and his environment, working out a- compromise. We, as 
science teachers, must be aware of the state of energy technology,' We 
must know what is now commonly used in the production of energy, what 
is in the research stage and what is in the..theory stage. We should, 
also be aware of the capability of. an energy system and what its imi- 
tations are. We should point out to our students that some problems 
cannot be solved by science alone. Some electrical generating systems 
. are very acceptable to people in an area. For example, hydroelectric 
generation is one of those technologies' we use which is cost effective. 
It also provides recreation and a water supply. 

No cost is connected with the purchase of fuel, but it doesn't 
work if there is no water. On the* other hand, nucl generating of, 
electricity has had a difficult time establishing it .elf as an impor- 
tant way ta- generate electricity. People have blocked the building 
of these plants in many cases*, not because we do . not have sufficient 
knowledge of ^nuclear techn6logy to., build such a plant, but for a 
variety of other reasons. The human input into the. decision of what ' 
technology ^ill be used in the future must be a subject the science _ 
teacher addresses. . 
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Alternatives and Trade-Offs 



' Alternative energy systems are very interesting to study and many" 
teachers and students alike are interested in this area of energy 
education. The main thing to keep in mind here relates to what has 
already been said about technology. Some systems are more developed 
than others and many of the alternative systems are still not cost 
effective even though they exist. Many students think solar energy 
is the answer to all our"^ problems until they research the field of 
solar energy. It is true that solar energy could be used in many 
systems for heating and cooling! but when we look at it for generation 
of electricity, it is an entirely different matter. 

• We could learn to use less energy. This comes as a shock to many 
students but by wise use of \energy we all could cut pur energy consump- 
rtion down by quite a bit. Energy conservation can be looked at as a 
trade--off • We can think of ways we can save energy so we can tise it 
some place else^ Many schoolls have reduced their energy^cjonsumption 
by 25-30 percent. This is a goal we could all strive for.' Values and 
lifestyle are involved which istuJancs^as well as parents and teachers 
are going to have to deal wit^. 

Many times the figures the energy consumer compares are the dollar 
cost- of energy, which are going up rapidly, rather than the tmits of 
energy used. Energy costs are going to continue to rise^ but we can 
reduce the amount of energy we use by soirievcareful thinking about our 
energy use and* then changing our. behavior to reduce energy constmption. 
Trade-offs of all types will be made. We must look at our energy use 
patterns in recreation, transportation, food, clothl;ag, and housing. 
We must also investigace the energy used in. the many products we con- 
sume from cars to hamburgers. Trade-offs artl.the ways we personally 
can make decisions about our energy use.. -First are those changes we 
xQc^ke because we have certain values. Second, we must look at those 
trade-offs which have a positive pay-off for us or where incentives are 
given to change our behavior; and. third, we will see trade-offs which 
have penalties if we do them; I think we see from most„ research that 
this last has the least effect on most people. 

Food and the Energy of Life 

We are producing more food in America today than ever before at 
an ever-increasing cost in energy. The plants are still as efficient 
in their conversion of energy as they always have been, biit^iwe do more 
'.processing to the raw plant material than in the past anS this costs 
us energy. We also have food sent in from all over \the world so trans-- , 
. portation becomes a factor. . We grow food in one area or the country 
and proc^ss_it Jin another "area, then to be used in the, same area where 
"it^"\^^ grown. Some of these practices are not well; thought ooit. Today 
a calorie, of consumed food requires seven to eight ^calories of energy * 
to get it from the sun's enei;gy to the table. Food habits xdLll have 
to change so that the food web is- shortened. We should not eat as much 
meat as we do. We should ieat more plant products. • We should try to 



grow as much of our own food as possible* These practices cut down 
energy use in transportation and processing. We shpuld establish a 
diet with fewer calories. Most Americans eat too much and eat the 
wrong foods. 



Sbcietal Concerns and Conflicts 

Today's society uses more energy than ever before in history. 
In the United States we plan our societal structure around the concept 
that there will be an ever-increasing supply of energy. We have had 
such an abundant . supply of energy that we waste more energy than some 
countries use. We have even had the economic luxury of not paying 
the actual cost of fuel but have supported the concept:. .of keeping fuel 
inexpensive so we could use more at a lower cost.. 

As a society in the United States we are mixed in ou?: opinions 
about energy. In a recent poll over half of" the people polled in the ^ 
United States felt that energy problems are serious in the country. f 
It was also indicated that not Touch was being done about these problems /v; . 
The population is possibly willing to do something about energy but the, 
policymakers are not ready quite yet. This might be due to not knowing 
what to do with such a complex issue as energy. We do not want to 
affect the economy but at the same time we know that certain changes 
in our energy policy would affect the economy. We want to create jobs; 
at the same time we know this requires energy. We know taking price' 
controls off fuels can have an effect on energy use but it also has 
great effect on the poor. We would like to make the right choices as 
to where to spend our research money, but we know if we wait too long 
we will not have time to develop the technology to a point lAere it is 
re>iy to be used,. We would like to .use more coal and nuclear energy 
but we are uncertain about the environmental problems. We are faced 
with the energy problem of' wanting more energy but not knowing if we 
can get, it or what the best way is to get it. 

The society with its leaders must face this very important energy 
question soon. We cannot continue to ignore it and hope it will go 
away. We must all work together to work toward solutions of the 
en^gy problem. 

* 

The Government's Role in Energy Policy 

The -.federal government does not have an energy policy. _ This is one 
of the main reasons why many states or local governmental units have not 
established any energy policy. This is also why many people do not 
recognize the importance of energy. If there were an official policy 
on energy we could respond to it. We now are responding to. the lack of 
ah energy policy." We do have federal and state energy agencies, but 
even they are having difficulty dealing with priorities. They are ask- 
ing what should they be doing. Should they be supporting exploration 
for fuel resources? Should they be promoting alternative' ene_rgy develop- 
•ment? Should they be developing programs on energy conservaCion?/ Should 



they be teaching energy education to the' public? Should they be pushing 
for existing energy technology? The answer is probably "y^s" to all 
these questions and even more. We, must decide what we want and what 
we can have in the energy future. We have to decide what technology 
should be supported and what research can be developed. These are not 
easy questions because at. this time we are locked into a fossil fuel 
energy future 'and, even more than that, in the immediate future we are 
locked into petroleum as an energy source. This co^d be changed but 
it will be very difficult. ^ _ 

Some things we know will require laws and law enforcement to bring * 
about changes. Some changes can be brought about by incentives of 
various, kinds. We are almost certain the government will have a major 
role in our energy future., .This may be made clear to us now that 
Pr,esideht Carter has stated his energy 'policy. He. has already asked 
for an energy department at the cabinet level to consolidate the energy 
matters under one office. This will probably become a reality in 1977. 

A NDDH. K)R ENERGY CURRiamrDE\^OF^ 

During the 1976 academic year my colleagues and I developed an Energy 
Conservation curriculiam matrix for the Federal Energy Administration. 
This curriculum matrix is designed to take the student from an awareness 
level -to an action-oriented level as he goes from K-12. The important 
part at each grade level is the decision building' portion of the curricu- 
lum. The decision building concept is designed to teach students how 
to xnake decisions. At, the same time the subject of energy becomes^ more 
complex with the introduction of new subject matter areas and certain 
constraints. This model has not only sciance concepts but also social 
concerns built For more detail see Figure 1. - 

In Figure 1 the grade levels are listed on the left'.' The systems 
to be studied are listed in each of the grade level groups. These 
systems start with those which are close to the student, in fact the 
student- himself, to those systems further removed from the student, 
which he has less control over. Some students are also studied with 
various subsystems. Students observe certain inputs which require or 
represent energy use and outputs which represent produCtis, waste, stand^ 
ard of living, labor, fuel, food," pollution, population, etc. The 
constraints in the model are designed to be used as^g way to look at , 
the, system. To concentrate on the constraints listed for each system 
would -be a xjay to teach- students the many factors one must take into 
consideration before^making a decision. ' The decision building portion 
•of the model is designed- to go from observations through a design for 
action at the upper grade levels. Enei^ education would be taught in 
all subject matter areas where it is appropriate with student and 
teacher education materials provided *• 
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tipergy i;onceprs 
» ' 

There are many very important energy concepts. Selecting the six 
or seven most important is difficult. Following the Energy Conservarion 
Curriculxm Matrix^ I would list the following concepts as the most 
important: 

1. to identify different forms of energy* 

2* to identify how man uses energy. 
. 3. to relate how the energy from the sun is converted into the 
I many forms of stored energy man uses^. 

4. to sx:udy the biological and physical principles of energy 
in the world . ' 

5. to understand the relationship of energy and other human 
activities; e.g., economics, industry, and agriculture. 

6. to study alternative energy systems. 

?♦ to understand the relationships between energy and political 
decisions. 

These are general concepts, but they reflect the complexities of 
energy education. \ _ 



Grade Level Considerations 

It is well known that many times we introduce concepts too early 
in the studeut's program, making, it more confusing at a later time for . 
the student to comprehend .'^ \, . 

■ - ^. 

The student should first be introduced -to the- subject of energy in 
terms and ways which he can experience the concept directly. The teacher 
should find out what the students know about energy by asking them quea-- 
t ions -to which they can relate. (Can you describe some form of energy 
you use? Can you give an example of a fuel? etc.) The teacher might 
demonstrate forms of energy such as heat, light, sound, motion for the 
student to respond $o. As students become more familiar with the con- 
cept of energy they should »start to investigate how energy relates to 
other activities done by man; e.g., transportation, resburces, waste, 
development of materials, etc'. Then they may start to look at the 
physical and- biological energy concepts; e.g., entropy,' photosynthesis, 
energy transfer system, 'etc. Finally, the students look at the inter- 
relationship of these systems to man's political 'and economic systems 
throughout the world.. This also leads to life style .changes and trade- 
off plans. The hope would be to help students to make wise decisions 
for the future,, in energy use. As the concepts become more complex the 
student should become more action orientated . in the upper grades. 



Integrating Energy Education . . - . 

We should not' t'hink of energy education as a.. single subject; it 
should be integrated into the existing curriculum. Energy is; one of 
the most Important things in our lives today and we cannot afford to 
leave it out of the curriculum. The question is how dp we get another 
. topic into- an already crowded curriculum. 



It does not have to be the entire course, but it shodld be related 
to topics the- teacher plans to cover during the course. To\do this 
teachers must be alert to the many opportunities tHey will have to 
consider energy assart of the class they are teaching. In elemen- 
tary program this can be part of the reading program. The federal * 
Energy Administration (FEA) has an "Energy Ant" program. The\ National 
Wildlife Federation has materials ^bout energy for young children. 
Local utility companies have materials suitable for energy education 
at the lower grade levels. Energy education can aisobe part of a 
physical education and health program. This would be teaching studftnts 
sports which require more physical energy and less expenditure, of fuels. 
These sports such as sxmmiing, bike riding, tennis co^jld be compared to 
T^he-typ'es of sports which require transportation to a site to partici-- 
pate or spectator sports which require more energy for lighting, heating 
of buildings or TV viewing. As one goes through the middle school and 
high school curriculum there are many ways in w&ich^energy education 
can become pa.rt of the student's learning experience. Energy education 
can be Integrated into homemaking with energy -efficient practices in the 
home, industrial arts— how to retrofit a home to conserve energy. In 
drivers* education students can be taught how to look for energy 
.efficient transportation and when and how to use a car in an. energy 
efficient manner. In social science energy can be studied from, the 
social aspects and how energy has changed. our lives in the past and 
will change our lives in the future. ' , 
» • — • . 

Expected Outcomes - ^ - 

With the predictions that many of our fuel resources arfe in '^^ery- 
low supply or are to be depleted by^the middle of the next century,- 
our students have to consider the changes such shortages will cause 
In their lives. Vte must also point out the lack of technology we have 
in the alternative energy research, because of our reliance on fossil 
fuels. We must prepare ^e next generation tp deal with these problems 
and all that accompanies them. Our hope must be that through our 
educational system we will produce solutions to these problems. It 
will be up to the educators to make the students aware of the energy 
problem and to equip them with the knowledge and techniques to deal 
with it in their lives. We wuld hope that*v education could play a 
major role in educating the students of toSBmm£oT the:- role they will 
play in the future. 



FURTHER PEOTriE^JDATIONS 

' ' ■ / 

For years the schools have been teaching about energy from the 

point of view of science and technology. /Some earth science courses 
have dealt with the topic of fossil fuel./' The other issues about 
energy- have been left- put of~t:he currt^cultim~with the exception of the ' ' 
food chain and respiration in biology. / 

It was not until the oil embargo in- 1973 that we became aware of 
new energy issues that students, or anyone else for that matter, 
should know about. 
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Wc suddenly were thrust into such issues as energy allocations^ 
unequal distribution of fuel, alternative energy sources* The social 
issues dealing vith energy wze discussed in the press and at govern- 
mental agencies. It vas not until much later that these isfiy^s got 
to the schools. There was some concern about energy availability to 
operate the schools. This has now becoae a reality, in several states • 
The winter of 1976-77 was severe and some states had to close schools 
state-wide^ while other states had schools on interrupted schedules 
because of lack of fuel. 

Even with these realities some people still feel there is no 
energy problea. They still think the petroleum industry and gov^m- 
laent are fooling the people. 

We must deal with energy problems honestly and with the facts 
that we have. 

As teachers we may say it is hard to get tmbiased information . 
about energy. This is. probably true» but we should present different 
sides of the energy issue. .We should try to educate-our students and 
not indoctrinate then. We all have our biases. We should tell 
students when information we aire giving is pur point of view and. not 
backed by evidence. We should ask for documentation of data. We 
should always ask the source->of the information. It is impossible 
to get an unbiased report on "any controversial issue. At best we can 
educate our students to listen to or read the data both sides anci^ 
try to make the best decision. 

The area, of energy education is going to be t^tght in schools in 
a different way from many of the subjects we now teach. This is 
simply because many of the consequences of energy decisions are 
going to be immediate as well as long range. We are going to be 
living with energy mistakes which will have a direct - feet on our 
lives and we will be trying to make the proper decision in energy 
planning for the future. This will make energy education a very 
exciting and important subject now and into the 21st century. 

Energy Education in the Elementarv Schools 

Many of the elementary science programs list energy as one of 
the topics that is covered, -^-Students who are in schools where these 
programs are in use generally have sotie^'concept of energy. We could 
expand on the. student's awareness of Energy use. If they were made 
aware of the energy they get from food by the activities they do 
through the day, most of them could see it takes energy to walk, have 
fun, and do work. They may never think of the energy it takes to 
keep -them aware that all things require energy to function.' 

-In the elementary school we could teach students to be more aware 
of how energy is used by their families. They could conduct simple 
studies of the ws^ys energy is used in the home for everything^ from 
heat to transportation; Most elementary energy education could center 
around the airareness of energy use by the student and the student's 
family. Wc should start teaching about energy at an early age. 



The secondaty school energy education programs should be activity 
oriented/ The students .should start to take viat they iiave learned and 
apply it to their own lives and their families' life style and the 
commimlties they live in. They should learn about how decisions are 
made about energy* They should find out who is responsible f or tnaTclng 
thes^ decisions. These students could be a very important force In 
energy decisions in their schools and cotaaunitles* They could be 
trained how to carry out research on energy questions* They could 
learn* how to pres^ent the information' they have to people ia energy" 
decision positions. IThey couid'help educate their families and, friends. 
These same students could monitor energy policy in their states*** They 
could act as aides to the state energy office, 

% ' - ■ ' " ■ ■ 

• There-are many ways the secondary students could take an^ active 
role iS energy education. This could also^ie an interdisciplinary. v 
approach. Students in social science could keep up on energy laws and 
the social impact energy has on ,their community. Science classes may 
vork w^th Industrial arts classes to builds alternative energy systems 
and Insulate homes in the comsninlty/ The home economics classes can 
study energy use in the home and oake people aware of ways to conserve 
energy. Physical education classes can stress ways of developing 
recreation programs trf-th the least anotmt of energy used. Speech and 
English classes can work on presentations to be given to c oc sm uni ty 
groups. By doing ;aany of these things the students would see the 
importance of energy in their lives and help others see this also. 

KEFEREXCES^ 

Curriculum Xaterials and Teaching Ideas . . 

Curry, Wendell, er al . £nerg;y Crisis > Salesv Oregon: Oregon State 
Board of Education, 1973. (ED 085 316) > * 

This is a special publication for teachers suggesting school 
activities which stress individual resoor^^^r^lity coward the 
energ:^ crisis. 

Energy and Man^s Environment project. John Jones, directpr.. 022i $,W. 
. Hamilton, Skyline Building Portland, Oregon* 

This is a. teacher-developed program in seven western states. ■ 
Jones conducts teacher workshops in energy education* ^ 

Energy Conservation Understand in and Activities for Young People , 
Was^hlngton, D.C.: Federal Energy Administration C?£A)> Office 
.of Conservation Education, 1975, 

Energy: environmental education curriculum ^ Topeka Public Schools. 
Wa^hingttn, D.C: EHEV/OE Bureau of Elementary and Secondary^ 
Education, 1974. (ED 093 .6A 9) 
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?ovler» -John, ^ Energy Education Materials t Washinrr.on, D.C. : National 
. Science Teachers Association, 1971. 

Much toaterial is available including fact sheets on altepiate energy 
technologies and six instructional energy packets, A. project for an 
energy e^^xlched curriculum will include 30-40 instructional packets 
on energy/environaent/economics, • 

A Guide .to Teaching Resources , Educational Services Program, Koom 867, 
Consxxmers Power Company, 212 Wesp Michigan Avenue, Jackson, MI 49201, 

Although this list of free teaching materials and films is only 
avallfiWjg to schools in their service area, many utility companies 
have similar "services. . 

Hengely Wayne,. Energy Kev to the Future . Poughke^psip, N.Y»: Dutches^ 
-County Board or ^oopergtive Educational Services, 1S74. (ED 092 027} 

This booklet contains teaching techniques for the understanding 
and conservation of energy. . 

Jones, John. A Bibliography of Energy Education Materials^ , ' Federal 

Energy Administration, Room 6507,. State TecTihical Assistance Office, 
Washington, D.C. 

This bibl^iography * covers printed materials, films, simulation and 
computer games for grades K-12. It should be ready- in the Fall, 
1977. ' 

Project Entropy > Joseph Janeti,- director. Center for Environmental 
Quality, Michigan State University, East Lansing, MI. ' 

This project has both developed curriculum materials and workshops 
for teachers. 

Wert, Jonathan. Ideas and Activities for Teaching Energy Conservation . 
Knoxville, TN: -Environment "Center, Dniversity of Tennessee, 325 
South Stadium Hari, 1977. " " 

This is an energy, education curriculum 'guide for teachers and 
students in grades 7-12, 
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EEI has a list of resource gu.ides and curriculum materials for 
use in K-12 classrooms. V ' 

Energy 'Research and Development Administration, ERDA, Office of Public ' 
-Affairs, feshington, B.C. 20545. * / 

ERDA has single topic information pamphlets.pn conservation of 
energy, fossil energy, solar^ geothemal, advanced systems, 
environmental and. safety, nuclear energy, ancj national security. 

In addition^ they have assembly-type programs which schools can. 
access. Two such programs are "This Atomic World" and VEnergy 
Today and Tomorrow." They can also supply the "Energy Environ- 
mental Simulator" ai computer simulaftor used to forecast energy'/ 
environment ^^ituat ions. For more information about assembly^ 
programs and the simulator, contact the appropriate address for 
your location. - East : Oak Ridge Associated Universities, Energy 
Education Office, P.O. Box 117, Oak Ridge, TN 37830. West: 
Northwest Colleges and Universities for Science, 100 Sprout 
Road, Richland, Washington 99352. ^ ' 
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Federal Energy Administration (FEA) , Office of Conservation Education, - 
Washington J DrC. 

Pennsylvania State University, 231 Sackett ''Building, University Park. 
Pennsylvania , 

Warren Witzig conducts an extension program for teachers in 
nuclear science. ^ 

Youth Energy Conservation Corps, Energy" Council of Ocean .County, New 
Jersey, 127 Hooper Avenue, Toms River, N,J. 

Contact Sally Burt for ideas i^nd materials for organizing elemen- 
tary school energy conservation clubs • 
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Population is usually thought of in narrow terms. Overpopulation 
. is certainly a problem with many ramifications to the, quality of life 
of individuals throughout the vorld. In this paper Robert Stahl has 
attempted to give a more general picture of population^ which shows 
how the parameters of the concept lead to a large variety of intern- 
related ideas. Be has done this by presenting a model which helps 
put many popuZation^related ideas in perspective. Many ideas are 
introduced in this chapter which are expanded by other authors in 
succeeding chapters. Robert also suggests using values clarification 
as a-iecTmique for helping students with population-related concepts. 

POPUIATiaN 
Robert J, Stahl 



Conceptually speaking, "population" Is the number ;of species 
within an area at ja. specified time or the total number of members of 
a given community at a given point in time,. In human communities, 
the term "population" is s3monymous with* "people," In fact, the term 
population, like "mankind" and "humanity," is an abstract referent of 
people. In much tlis same way, the term "people" has become a very 
sterile referent to groups of individuals. . Thus, the term "population" 
has- come to refer to people which in turn refe^ to individuals; i.e,,- 
persons like you and me. 

While this referent chain is apparent, the liaplications of moving 
"population" to a second level of abstraction of "individuals" are not 
so apparent* For example, one feels at e~ase advocating "population 
control programs" and "population policies" because these are removed 
from the more personal and perhaps unacceptable reality of "people . 
control" and "people policies," Even more taboo are discussions pf., 
-programs which seek to control influence, or .regulate individuals y 
which, when it j:omes doxra to it, are the real focus of population pro- 
grams and policies. Thus, as an^abstractlon > "population" is far legs 
likely to be. affected by science than are people or individuals. It 
±s the intent of this chapter to focus on how science • affects and is 
related to population, especially those aspects population which are 
related to groups of people and to the individual person : 



^he term "science" will be used loosely throughout this entire 
chapter to mean any one or several of the following: (a) the methods 
and procedures of testing and/orx verifying a hypothesis, (b) the body 
of knowledge acquired through these methods in disciplines referred to 
as the "sciences," (c) the equipment of the scientist, and (d) the 
application of scientific knowledge. One reason for this broad inter- 
pretation of the term "science" is based upon the uncertainty of when > 
and where science starts and ends Ce,g,, a nuclear power-plant, the 
polio vaccine, cloning). The classroom teacher lis urged to help 
students distinguish between the various aspects of science just men- 
tioned so that students do not equate a misuse of scientific information 
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POPLTLATION AND SCIENCE: ONE PERSPECTIVE 



The classroom teacher has available a variety of ways of examining 
the relationships between popula^tion and science. One way of ^viewing 
these relationships, called the ''"population-related variables perspec- 
tive," will be discussed at length in this segment of this chapter. 
Afterwards, a model to develop instructional 'materials for teaching 
via this perspective will be presented as well as annotated blblio- 
grapfcy. 

' The "population-related variables perspective" examines four major 
categories of population-related variables (a) territory, (b) external 
factors, (c) social/societal factors, and (d) population/people, as 
separate and distinct variables and then studies their interrelation- 
ships. Not only do these four variables interact xd-th one another, 

^each ultimately is or can be affected by science. Within this 
perspective. In one way or another, each of the four population 

> variables and each individual person is affected by each other as well 
as by science. 

Nothing a human being does is done in isolation from the four 
major population-related variables mentioned , above. One way_of 
identifying more precisely each variable and of illustrating the 
interrelationships 'among these variables is through the presetitation . 
of a model. Figure 1 describes how three population-related ^rariables 
Interrelate with one another as well as with the fourth variable, 
people. In addition to an explanation of each of these four variables, 
the narration to follow also includes a short commentary as to how the 
particular variable affects population and toay be affected by science. 



Territory ^ 

This category of variables concerns itself with characteristics 
of territory or land. Included within this category are such 'varia- 
bles as the size and location of a territory, its natural i:esources,~ 
geographical features, climate, and topography, and the neighbors of 
that land* Although the interrelationships among these various 
territorial variables and population may be self-evident a brief 
review is provided. 

The size and location of a piece of land influences how many people 
may live there,, how they will live, and where they may live. The type 
/and placement of natural resources may affect where the people will 
live and work, what they may do, how they will live, as well as the 
products and materials they are able to produce. Geographical f.eatures - 
such ^s the availability and location of harbors, mountains,, rivers, 
and :he like may well determine where people will live and not live. 



(continued) by individuals or groups with 'science itself. This 
effort to distinguish between and among these aspects of science should 
be done before, during, and after any scientific is^ue is discussed or 
studied. ^ \ . ' ^ 
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TERRITORY 



SOCIAL FACTORS 



Size 

Location 
Natural 

resources 
Climate 
Geographical 

features 
Neighbors 
Etc, 



POPDIATION (People) 

Values 
Goals 

Knowledge"*^ 
Skills 
Etc. 



History 
Institutions 
Traditions 
' Culture . 
Social philosophy! 
Laws 
Ftc, 



EXTERNAi: FACTORS 



Famine 



Disease 



Natural catastrophes 
Biological processes ' 
Deterioration of resources 
Policies of foreign nation^ 
Etc. 



Figure 1: 



Model iJ.Tustratirxg the relationships among the four 
categories of population-relaxed variables vhich 
affect a:iC are affected by population and science. 



^The climate of a territory may Influjence \*at Is produced by Its people 
and what they inay develop -as their lifestyle. The distance to neigh- 
boring communities, natlonis, and land may influence how a territory's 
people make use of their land and resources as well as how they live.* 

Using science, a people may be able to adapt various, uninhabitable 
regions of their territory into livable space. The development of air- 
condltlonlng,' synthetic insulations, and- ant i-freezes has altered the 
lifestyles of populations in many geographical regions. Science has 
helped to discover and reach natural resources, to pjrocess- them, and 
to convert them into usable products and materials. Science has v 
enabled man to move into marginal and heretofore uninhabitable regions 
without cutting him off from the rest of civilization. Arid, as these 
lands open up, people moving into them eventually multiply. 

In addition to surface land, science Is exploring ways to harvest 
and inhabit earth's non-territory; i,e., the oceans. Programs aimed 
at developing undersea life-support systems and stations, harvesting 

.the oceans* edible resources, and mining their natural resources demon- 
strate ways which science is being used to investigate the use of non- 
land for land-oriented populations. Space is another non-territory 
being 'opened up tLO the domain of science and human population groups. 
The construction of an orbiting space station and the colonization of 
the moon are now within man^s immediate reach," Furthermore, it has 
been established that U.S. weather satellites have saved American ' 
farmers over $4 billion in cro^ losses due to their ability to assist 
In the prediction of^local weather conditions* Considering the loss of 
human and animal life from starvation with these crops, the extent of 
death from starvation which would have occurred without these crops is 
staggering to imagine. Hence, whether it be land or "non-land," to 
meet the needs and demands.. of today *s and tomorrow's populations, science 
is fast becoming the critical factor "as to whether a given population 
will cpatinue to exist, will merely subsist, or will live with some 

_^^gif^ of affluence. 

External factors 

This category of variables concerns itself with natural occurring 
phenomena as well as with factors beyond the immediate control of a 
given population group. Certainly natural catastrophes such as floods, 
volcanic erup^tions, tornadoes, hurricanes, and earthquakes affect the 
lives of people. Freak snowstorms, flash floods, famine, disease, and 
avalanches are also examples of catastrophes which ann\jally takeV ' 
thousands of lives and affect millions of people. Biological condi- 
tions and processes involving all aspects of animal and plant life 
forms and their interactions provide us food, oxygen, and raw materials 
for various and endless products. The human dependence upon the natural 
abundance of these biological life forms and their processes eventually 
may lead to .the deterioration of this^^abundance and even to the extinc- 
tion of some of these life forms. Finally, the decisions of foreign' 
'nations or a neighboring country may directly affect a population group 
and how that population may use science. 



Natural catastrophes affect population groups in numerous ways: 
people are killed and injured, buildings are destroyed, emergency help 
programs, are established, and lives are altered. Science is currently 
being used to reduce the Impact of such "happenings. Scientific kno%^- 
ledge has been applied to the development of "earthquake-proof" build- 
ings, the prediction of earthquakes, and the tracking of hurricanes. 
Allf of these applications will eventually save lives and reduce the 
effects of natural catastrophes on a population. - Based upon average 
reproduction and mortality rates data, the saving of just 1,000 lives 
from a natural catastrophe in 1977 xjould mean the addition of between 
20,000 and 39,000 people on the eart;h in the year 2050. Hence, the 
application of science in this area a>lone has Implications not only 
for today's people but also for the .population of all future generation; 

Efforts to decrease the number of deaths from such diseases as 
cancer, sickle cell anemia, diabetes, etc, also have ramifications for 
population groups. Deaths caused by such diseases help to reduce the 
total number of persons within a given population and, if these ..deaths 
occur early enough in an individual's life, to prevent the creation of 
future generations from this potential parent. The figures cited 
earlier relative to the saving of lives from- catastrophes are equally 
appropriate to the saving of lives* by disease prevention and cures. 
The development of the swine-flu vaccine aqd subsequent mass inocula- 
tion program in America during 1976 have definite* effects upon the 
population of this nation. Eventually, all decisions regarding the use 
of science to find cures for diseases, to produce wonder drugs, or to 
produce disease-prevention^ products! have implications for the number 
and lifest^ii^ of a given population. Interestingly, a decision not 
to use science fpr such efforts also has implications for the same 
group of people. 

One of the major external \ariables . is that of the lives and life 
processes of animals and plants. Needless to add, the heeds and vdeci- 
sions of a population both affect jind- are affected by these biological 
organisms and their processes^- 'Tlie development of miracle grains 
through eugenic research, of hybrid strains of plant forms, and of 
selectively-bred animals have altered man's food, and biologically- 
obtained resources around the world. - Not only have crop. and livestock 
yields increased in number, but the size, quality, and substance of 
many plMts and animals have been altered. . 

. Science has also been used to develop appropriate fertilizers ta 
nourish the ground and to develop the insecticides and herbicides to 
protect the plants. once sown. However, the products of science may 
eventually pollute and deteriorate the environment, destroy animals 
and plants, and poison humans. The effects of DDT, PCE, and chlordane 
are well known. Eventually, as the size of a population increases and 
as^the lifestyle and needs of that group change, the magnitude of 
their dependence upon biological organisms and processes will increase 
geometrically. The former abundance of natural biological. products 
must now be developed and obtained via artlfically- or man-assisted 
biological processes. As mankind becomes more dependent on these 
products in ordej^^^yfb^survive and live, the more dependent man will 
become on science as the means to fulfill his wants and n^eds. In 
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some cases, man will have to Increase his use of science just to remain 
-at the level his group has already attained. 

Finally, the decisions of a foreign nation may have a^slgnlf leant 
impact on the population of a second nation. The decisions of a govern- 
ment to send or not to send food to a famine-plagued nation, to initiate 
or prevent a war, or even to accept or reject free or inexpensive 
Tnedlclnes, contraceptives, and health-care services offered by another 
country directly affect some population group* In each of these cases, 
science had some role to play. Science may have helped to produce the 
surplus; to refine the weapons of war^ to perfect the medicines^ contra- 
ceptives^ and services; and to develop the means' of delivering these 
things to foreign shores. Thus, without the use of science, there may 
be fewer decisions for governments to make (e.g., there would be no 
^urplu's to send, reject, or offer; no weapons to test or use, etc.). 
Currently, the use of science to find alternative fuels and energy 
sources to decrease this nation's dependence on foreign oil is a , 
vivid example of the ability of a foreign nation to 'diregtly affect, 
both a ipopulation and the use of science. 

Social/Society Factors 

This category of population-related variat)les Includes those varia- 
bles which are directly related to a population group as it exists and 
functions as a group; Sub-variables in this category include the 
history, traditions, culture, social values and philosophy, institutions 
laws, and religious leanings of the group'. In part of these areas of. 
society^ each has been affected and shaped by the various territorial 
^d external factors presented above. But each of these social/societal 
factors. also- stands alone. Each has a definite Identity, a relationship 
with population, and a potential to affect and ,be affected by science^ 
In addition, these variables Interrelate and in some cases overlap with 
cn'e another. , In all cases, the prorftedures and .findings* of science avail 
able to and sought, by a population gro,up--are' subject to these diverse 
social variables. Science does not dictate to these social areas what 
it should be used for or hew its findings could be used. These various 
social areas have to perceive science as relevant* (or not relevant) to, 
their particular domains and may allow themselves. to be Influenced by 
what science has "found or can do. 

Take; for instance,? the critical population acti\-lties of conceptio 
and birth. A society may believe that each individual has the right to 
freedom of choice regarding her/his oxm behavior. Such a society may 
allow certain freedoms of sexual behavior within a social institution 
(marriage) but forbid such behavior put side* the ^same institution (rape, 
adultery, and incest). And, although the society may even support the 
use of contraceptives, it still allows the individual to decide whether 
or not a contrapeptive will be used. Furthermore, a religious group 
may advocate. the sanctity of- life and the wrangness of jising. contracep- 
tives to prevent the creation of life or of using abortion as a means 
of terminating an unwanted pregnancy. The government of the same 
Society may pass.^laws to provide free contraceptives to individuals . 
upon demand and to open up abortion clinics to terminate pregnancies. 
That same society may even provide child-support payments to parents 



of children who are born out of wedlock. Another society might let part 
of **its people starve to death and live undernourished while at the same 
time protect an abundant source of food (India). Yet another society 
may feel so threatened by its relative loss of population that it offers 
a bounty for the birth of additional children within the same family 
(Greece). " , * 

While science did not influence the decisions .of these various 
societies and . institutions, science did and does provide the contra- 
ceptives, the medical knowledge, the drugs and products, the technical 
equipment, and the fertility pills to make such decisions possible or 
to carry out decisions already made. Furthermore, whether a society 
allocates its money, time, energies, and personnel to develop a cure 
for cancer to develop a biochemical warfare arsenal is done without 
a mandate from" science. Thus, society, and all of its various social 
factors determine what science shall do, what scientists . shall work on, 
and what shall be done with the products, information, and equipment ^ 
of science. And, even though the social institutions may make decisions 
not directly related to science, -ultimately some aspect of those deci- 
sions or their aftermath will tie into science and to population. 

Population/People Factors 

This category of variables may be viewed as those personal factors - 
of a group as they concern the Eidividual and the group ais a whole. 
Variables in this category include, the number and race of people in a 
given population group as well as the personal values, goals, , attitudes, 
and. abilities of each individual member. Certainly wl^ether a group v 
contains 10,000 or 1, 000, OOq people- has a great deal of impact on how 
its people live and upon the life of . each of its members. Each indivi- 
dual can decide how much she/he values children, sex, life, death, aging, 
etc. Each individual person makes decisions relative to her/hisVown 
reproductive behavior. And each individual makes decisions relative 
to an endless ntmber of issues atid activities related to some population 
variable^ In nearly all of these situations^ today's individual has 
available some science information or product related to th^i decision 
or its aftermath. ^ c. 

- For instance, prior to the discoveries and advancefllents of science, 
there existed only one reproduction mode for the human species. Here 
the male deposited sperm in or near the female vagina,' and when all ' ' 
conditions, were met, the sperm united with the egg to form a zygote: 
presto, conception! I As a result of science, today *s world looks to 
such reproduction modes as test tube babies, embryo transplants, 
s^ective breeding via artificial insemination techniques, and cloning. 
Whereas our. parents^^were limited to their own physiological reproductive 
capabilities, our children will grow up in a world with at least five 
different means of reproducing their own kind. Science is continually 
being used to investigate artificial wombs, test tube embryonic develop- 
ment, and cloning in order to bypass the "womb" in its- more traditional 
sense. Considering the problems of overpopulation caused by only one- 
reproductive mode, the implications of having five different modes 
operating simultaneously are scary. 
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Genetic research leading to discussions of genetic engineering and 
to ongoing programs of genetic counseling have focused on the pre- 
conception (and genetic) existence of the Individual. Science has been 
used to explore hereditary diseases and- abnormalities in individuals 
resulting from genetic -carried or genetic-caused factors. As scienti- 
fic knowledge is accumulated about causes of certain diseases or • 
abnormalities and vhat can be- done to reduce or eliminate such problems 
in offspring, the information may determine vho shall, and who shall , 
not, be parents. Scientific investigations have also produced tHe 
fertility pill. . Thus, a producjt is now^ available which will enable 
many women who were incapable <xf '^conceiving to conceive. While science 
on the one hend has produced ijplformation which could be used to keep 
Individuals from becoming parielcits, on the other it has developed the 
means to make parents of individuals who would not normally be able to 
reproduce. In such cases, science has the potential. to determine who 
will be conceived and who will be conceivers. Again, the critical 
population activities of conception and birth are affected by the 
individual's decisions regarding the use or non-use of science products 
and findings. 

c 

As science has been influential in. matt:ers concerning the^ origins 
of our life, so it has been applied to the preservation and termination 
of our lives. Uses of "iscient if ic knowledge and**^ products to prolong life 
via chemotherapy, miracle drugs, prescribed diets, artificial life- 
support systems, medidal care, organ transplants, and plastic bubble 
environments are well knoxm. Also x/ell known are our efforts to apply 
science to the area of offensive and defensive weapons of war. Bio?** 
chemical warfare agents, deadlier bombs, and faster and more efficient 
methods of destruction are examples of areas \^ere science has been put 
to use to assist mankind\ terminate' lives. In each of these various 
life preservation and termination dimensions, all population "groups feel 
the effects of those lives^^ which are preserved and those that are not. 

Ultimately, all mattersjconcerning population are m«:tters which 
concern individuals. All population decisions made by individuals 
directly tie to one of three ":quest ions. These questions are: (i) .Who 
shall live? (2) How shall they live? and (3) Who shall die? Because 
these three questions are crucial to every population group and because 
how a population group answers each of these three questions is criti- 
cal to its own survival, th^s fourth population-related variable, (i.e.,- 
Population/people) is the most important variable. 

Thus taTcen "separately and' in combination with one another, these 
four variables are important to any and all population groups. All 
facets of the existence and well-being of a population group are tied 
to the interrelationships existing among these four variable^. And, 
as has been pointed out in this chapter, science also affects and is 
affected by these variables and their relationship to one another. 
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Science is involved In population in ways far beyond the **womb to 
tomb" existence of the individual^ perscn. Science is concerned with 
Individuals long before their womb existence begins and maintains this 
concern up to and beyond the point of their deaths. In between^ science 
studies, vays to keep people alive, to impros'^e their living conditions, 
to postpone the deaths of some, and to speed up the deaths of otniers. 
Each piece of information science reveals concerning these areas of 
human existence ultimately affects all people and all population groups. 
Science, as it explores every facet of human life, either directly or 
Indirectly provides information relevant to critical population-*related 
activities and events. 

Individuals in today's world must come to understand that science 
does not determine how its procedures and information will be used or 
who will use them; such decisions are made by the users of science. 
For example, a decision whether or not to seek a cure for cancer is 
^ not a science decision, it is a decision made by those who would want 
to use science towards this end. Nor did science decide to build 
A-bombs or to drop them: people decided to build them, to test then, 
and to drop them. Science merely providied the means by which people- 
could obtain and use information and a product « In cases such as these 
which ultimately affect a population group in some way, one cannot fail 
to see the relationships which exist among people, population, and 
science. 

VALUES CLARIFICATION AS* AN INSTRUCTIONAL STRATEGY 

Comprehending and' utilising scientific knowledge about population- 
related factors and lif e-and-death Issues relative to human existence 
Is one. of the most Important goals of Population, Education, In the pre-- 
college curriculum. Population' Education focuses on the acquisition of 
scientific knowledge and procedures and the application of these towards 
"assisting students in making better decisions in matters that will 
ultimately affect population and t^eir own reproductive behavior. One 
way of incorporating scientific understandings within' declslon--ffi<iklng 
processes concerning population, is to engage students in content- 
centered values clarification learning episodes. 

Values clarification is really an internal cognitive process that 
Involves the consitieration of data; alternatives, values, feelings, 
and criteria. Since these processes really take place in the mind of 
an Individual, one might assxime that if students x^/ere orally using 
statements that were congruent with these internal processes, then 
the Individual was engaged in the process of clarifying his values • 
As defined >y Casteel and Starhl (1975),- "values clarification" is the 
use of specific patterns of language by students that arc consistent 
with these internal valuing thought processes and from which a teacher 
may reasonably infer that internal valuing processes are taking place. 
These valuing- processes Incorporate the comprehension of available data 
and Information, the identif icatlbn of relationships* the consideration 
of alternatives, consequences, and criteria, and the consideration of 



values^ preferences, and emotions • Because this approach to values 
clarification stresses the use of these processes within subject- 
centered classrooms, students should be expected to demonstrate compre- 
hension and use of scientific content and procedures, to identify the 
connection between what is being studied and the focus of the Instruc- 
tional unit, and to consider the relationship of science to values, 
decisions, and choices^ Thus, teachers who posit values clarifica- 
tion as an instructional goal should design activities to get students 
to use these specific patterns of language during class discussions. 

For the sake of convenience, the types of language students 
should use to Indicate that they are In fact internally clarifying 
their values can be described in terms of blocks of categories or dub- 
processes. When the. teacher deliberately goes after and obtains 
student statements consistent with ti^hese blocks of categories, then 
we consider this effort a "values clarification strategy," This 
strategy consists of four of these blocks of language pattern or cate- 
gories which are referred to as "the phases of values clarification.** 
These four phases are (1) the comprehension phase, » (2) the relational 
phase, (3) the valuation phase, and (4) the reflective phase. Each of. 
these four phases is described below. While these four phases are _ 
presented in sequence, during actual classroom learning e?)isodes 
students. may move among these phases, espec5nlly the first thcee, as 
necess^hry in order to think througli and clarify their values and value 
choices. . ' . 

(1) The Comprehension Phase . When values are being considered 
anti clarified as part of a decision-making situation, there is an 
object of valuation. This may be a personal condition (e.g., deciding 
whether or not to abort a fetus); a. social condition (e.g., a'pathy 
towards receiving swirie flu vaccines); a population f^sue (e.g., send-' 
ing large quantities of contraceptives to- an underdeveloped country); 
or a combination of personal, social, and population conditions. .At 
other times, this object of valuation may be scientific knowledge 
(e.g., cloning); a problem-Solving situation (e.g. , deciding whether 
or not to send food to a nation whose people refuse to eat home-groxm 
food supplies); or a dilemma where scientific*' knowledge may be used or 
misused to cope with a problem ultimately tied to population (e^.g. , 
dropping the A-bomb on one population in order j to save the livfes of 
another population group). If the condition, J>ro3iem, or situation is 
to be accurately assessed and rationally valiieclj'Tit is necessary that 
the^objec^ of valuation be understood.- 

During the comprehension phase, students use patterns of language 
that reveal -the level of their understanding of the condition or situa- 
tion. They identify factual information providing evidence of the^r 
basic understanding. They translate and interpret this factual infor- 
mation. Wnen necessar:r% students define terms and clarify previously 
made statements. When used in combination with one' another; statements 
such as these provide verbal evidence that the object of valuation^a^ 
been understood by students. Such statements provide tne reacher with 
data suggesting his or her students have gained knowledge and under- 
standing of the object they are. studying and around which they are to 
clarffy their values. 
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(2) The KelatlonjiX Phase > Being coatent-oriented^ this appronch 
Integrates values clarification vith suujcct matter through the rela- 
tional phase* This phase allows the classroom teacher to assist 
students In clarifying their values relisted to population issues while 
slaniiltaneously unclerstanilng and applying tne population subject matter 
content studltf^^^ln their instructional unit* Failure to integratre 
v&lues clarification processes atird content-relsted lasrslngs xs^y allow 
students to infer that there is no relationship between the subject 
mat^tcr of population and the values they possess or clarify regarding 
population conditions^ data, and decisions. 

During the relational phase, students relate the situation or 
condition they are studying to previous knowledge learned In the unit. 
Students may relate the situation or condition they are studying to 
current events or happenings in the world 4^ Students may state how 
the situation and data being studied are tied to the major concepts 
at the focus of their entire unit -of study. Students may state how 
the knowledge or conditions already studied are similar to or different 
from other knowlevige or conditions being studied. The integration of 
subject master with the valuing process also ^helps sttidents to see the 
relevance (relatr»dr.ess) of materials currently being studied to the 
content and'activirias previously examined. 

C3) The Valuation Phase . When students engage in the valuing 
process^ they assign and exas:ine -personal preferences and values. Pre- 
quently* they attach label such as "good," "bad/' *'right^'* **tJ€St/' 
"poor," and •'wcrsy' to actions and objects. Sot only do students 
assign such labe>i but they often must consider their ratings in terms 
of several other objects that they also prefer. Hence, preferences tsa^ 
be given different v^alue ratings according to how each student Cot— rfte 
peer groupj cViooses Co organize his prioritisrs^- choices of policies 
and the criteria used select such policies are the result of Indi- 
vidual preferences and values;; Consequences of, decislons> of choices, 
and of suggested policies may be examined in relationship to their 
value base. Studenns may express their personal feelings and emotional 
reactions* The^\ oiso may empathize with individuals whose conditions 
are being studied^ 

To be most effective, the valuation phase assumes students -have 
already engaged in or are sir^ulraneously engaging in comprehension 
and relational phase thinking, Such experiences ensure ^students are 
engaged in ciarifying their values in' light of an atJequate comprehen- 
sion or the learning situation and ^ understanding of its- relationship 
to the focus. of the unit. . - 

Sach successful values clarification activity requires the inter- 
active .use cf the three phases just describee. Tne completion of tnese 
three phases within one values clarifying episode generates data that 
may be used during tne reflective phase, the fourth phase of this 
values clarification strategy. / 

(4; The Reflective Phase , Internal consistency is a highly valued 
human behavior. This pnase is ceslgned to enable students to examine 
the consistency o'f hov they assignca their value ratings as well as the 



consistency of their use of these asstgjteii^^'rat^^ Therefore, the data 
used during this phase are taken from previously aiSpleted values acti*- 
vlties Incorporating phases one through three » ^ ^ ^ : 

* ■ * ■ - * 

. Once students have cocipieted at least three values clarification 
episodes containing the first three phases and related «eo the same 
Instructional focus ^ they are ready to coranence the reflective phase* 
Ihxring thls: phase, the teacher seeks to ^sist students in examining: 

how th<^ obtained their knowledge and. understandings; 

how they formed relationships: ^ . ^ 

how theA determined relevance; 

how* they \assigned and used values; 

how they^ used criteria; and 

how they /expressed their feelings, 
" ~ . ■ ^ - ■ ■ \ . " / 

An exploration into these critical areas helps students to reflect upon 
ahd reconsider tlieir linders landings , value assignaents, feelings, and 
personal values choices. If warranted^ students may wish to modify 
or - reorganize their learnings or their value ratings,^ Instruction 
designed to enable student's to successfully coaplete^all four phases* 

is appropriately labeled a 'Values clarification strategy J* - 

*" ' v . , ■ ' 

The Value Sheet ' , . 

One way of getting students ta clarify their values is to locate 
or to develop and assign value .sheets. Value sheets are carefully 
planned and vritten- acti\'ities designed to get students to use the 
language patterns associated with values thinking. The use of value 
sheets in connection with on-going^ instructional units helps the 
teacher avoid- the danger that ^students will perceive valuing and values 
clarification as forms ot experiences isolated from and not related to 
the cognitive tasks thny are engaged -in and the content they are 
leamihg. Thus, ' the teacher need not break the flow of subject matter 
Instruction in order to take time out for values clarification activi- 
ties. - ^ y^^^ 

Value, sheets may be written in at least six different formats 
(Casteel and Stahl, 1975), Each format stresses ^ocedures one may 
use to get students to^larify their yaljies-anS^eam how to make deci^ 
slons. Schematically speakirig-p-^^a-iua' are one way students may 

ilnk Foliation Educatio'h content learning, decision -taaking skills^ and 
^valuing t>ehavior (see Figure 2) , 

Every value sheet contains at least two elements. First, there is 
a. resource providing Informarion tp^rds which students are to react. 
This resource or context presents a focus for values cla;rif ication 
and establishes the context within which students are to respond. This 
context may simply describe an event that occurs or has occurred , or 
that is contrived h/ the teacher. This context may also present the 
students with a role and a situation within which they are to fulfill 
the'assigned role. 
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Figure 2i Illtistration of how value sheets "tie population 
content and concepts to decision-making and 
valuing Instructional objectives. 

Secondly^ there are eliciting questions in the form of "discussion 
starteris," The^e questions provide a frame of reference through xihich \ 
the teacher can guide students towards understanding the focusing con- 
text and content, toxards relating this content ancT sitxxatioii: ^6 the, 
focus of the en^re unit, and towards having students express their " 
personal values and feelings. Although these questions heXj? teachers 
guide the follov-up discussion, the teacher needs to be flexible and 
open* Questions prepared in advance are not to be rigidly adhered to 
nor followed, in the sequence suggested by their order on the list. More 
effective questions would be similar to those provided as examples 
following the sanple value sheet but are spontaneous reactions to on- 
going class dialogue. . ' 

According to^the approach of Casteel and Stahl (1975), there are 
at least six different fonaats in which value sheets may be written^. 
Below is an example of one of these formats. The reader nay wish to 
examine this value sheet in light of the model of values clarification 
presented above, ^ 

Focus of the day/s, lesson and this value sheet ; • Genet ics ! 
Should genetics/^be/* used to limit or control population growth? 

SocdLal and Scientific Context : 

c The ifewly elected government , of India has' selected a'x:onmittee • 
whose members have cone from all over the world to solve India's ever- 
increasing problem of overpopulation. The committee is composed of 
eight oembersi. two geneticists, two economists, two agricultural .. • ^ 
leaders, and two religious leaders. . Before deliljerations begin, the 
committee reviews 'the situation and events leading to their presence. 
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This value sheet was developed by a pre— service science teacher 

using the model described in" r.his article., and other materials co-authored 

by Stafal. The student's naae is Ms. Rachel Milstead, a student of MUW, 

This activity is being used with her permission. ' 
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The total population of India is presently above the 600 million . 
mark in an area of 1,300,000 square miles. This is more than twice . 
the population o't'^ the United States, in only one»*third the"*ar^. 
Statisticians project the population figure \r±ll reach one billion by 
the* year 2000. Twenty-seven million people now live in only nine of 
India's largest cities. Eighty percent of the population live on small 
famst the average size being about four acres. Most of Indians people 
areN^ery poor;, a few are quite wealthy. Only som.'=i have moderate incomes 
of about $450 ^er^ family per year. 

AgrlcuJ.ture,^ forestry', and fishing -are the source of livelihood for 
foui;:-5d.f.ths of the people. Increases m farm yields and production have 
increased 'significantly but still farms produce only 30 percent of the 
food necessary tq sustain the population of Indiat Imports and aid from 
other countries of the world have always .made up for thUs food deficit • 
Several successive years of unstable climatic conditions in the major 
fooa:;;j^a?oducing nations have decreased the/ food surplxi^es of these 
nati«xs/. India has been informed that it can no longer expect to be fed 
by the rest of the world. At present^ India can expect to have adequate 
food resources for about -three years,- 

Faced with impending mass starvation, India's former government 
attempted to' enact a mass, man^datory sterJJ-ization program. Outraged 
by this action,' the people elected a new government which promised to 
solve the problem in a aore rational way. The formulation of govern- 
-mental committees and sub-comnittees along with public debates has led 
to the proposal of five possible policies for solving the problem. 
Interestingly, for the first time in menory, the mood of India's people 
is towards curbing their population. Public opinion polls have revealed 
that these ar^ policies the public would s^apport as long as all five 
were not enacted at the same time, - 

- ■ 

* However, public opinion demands that only one policy be tried on a 
trial basis. If^ and only if, this policy really begins to ease the 
situation will the people allow the implementation of any other policy. 
They are willing to give one policy a three-year trial. They give the 
government permission to bring in an outside panel of experts to decide 
vhich: policy should be tried first. You are a member of this special 
outside committee. 

Ijhe policies the Indian Government is considering for possible 
enactment are as follows: 

All farm land will be taken over by the government to ensure 
maximum food production on state-run communes. Farmers are 
to receive four-fifths payment for their land and are to 
remain on their farmlands to work for the government. 

The government will extend India's fishing rights by 250 
miles and nationalize the entire" fishing fleet. This will 
increase the food supply by only -"about 15 percent and will 
run the risk of war with other fishing nations. 
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All males and females o£r child-bearing age viio choose to . , 
undergo sterilization procedures will each receive a 
government allowance of $50 per person for ten consecutive 
years* ^ . ^ - 

i . ^ . - " 

D. . All individuals who have been or are found to have "defect 

tive genes" are subject to Immediate sterilization and all 
deformed or genetically-defective babies are to be destroyed / 
eit birth. ■ \ ' '/ 

E, Crimes of murder, .theft ^ bribery, and as?iault will be punish^ 
able by death. The sentence is mandatory and must be carried 
out within three days of the gxillty verdict, / 

The Committee of Eight is asked to select one of these ^policies 
for-immediate enactment by the Indian Government » -You are ,one of thar 
committee. -When asked to identify which policy you recommiend be 
adopted, you say ...» / 

■■ / ■ / ' ■ ' • 
^. ..■ . , ■- / . - . / ■ 

Your reasons for adopting this particular course/of action aret 

• . ■ ■ ' ■ . ' . ' / . . • ■ ■ 

Discussion Starters : y' 

y ■ 

Ic In India, what is the major source of food for its peopi i? 

2, . In the^story, what is the cause of the present dilemma? 

3, In the story^ what event brought die new govemnrent to power? 

4, What is the difference between the methods the-^-old and nev 
governments employed in .seeking a solution tb the'popula- 
tlon and food problems? 

4 

5» What. is the relationship between genetics and sterilization? 

6, What constitutes a "defective gene"? 

7, If your policy is finally accepted for enactment, would you 
be happy for the people of India? • 

. 8, How would your Committee's decision affect India's population? 

9r If you, as a citizen of India, had to choose between starva- 
tion and eating a "sacred cow," would your decision be an 
easy one? - „ 



SU^NARY AND CONCLUSIONS . 

Population Education instructional units seek to help students, 
clarify relationships between population knowledge arid situations and 
their:personaI values and decisions regarding population matteris. A 
major aim of these units is thevratlonal consideration and use of 

. ■ • : \ ■ •■ : 
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scientific data as individuals examine alternatives and s^et policies 
vhich affect human populations and individuals. As described here^ 
the values clarification strategy is one vay population education 
teachers may plan for, implement, and achieve this instructional objec- 
tive. 

RESOURCES 
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Organizations ^ 

In the area of Population Education, countless books and articles have 
been written and many of these are^^'^-ailable on jbookstore shelves and 
in nearly ay. "libraries, r Rather thfn present an extensive list of books, 
I have chosen to present a list of thi^ major reference agencies, corpor- 
ations, and institutions which could provide detailed bibliographies, 
pamphlets, and other instructional materials and information. 

Bureau of the Census 

Public Information Office 
Department of Commerce 
' Washington, D.C. 20233 

Center for Population Education 

University of North Carolina 
Chapel Hill, North Carolina 27514 

Center for Population Research 

National Institute of Health 
Bethesda, Maryland 20014 

Columbia Bookstore 

915 15th Street, N.W/ 
Washington, D.C. 20005 

Environmental/Population Studies 
Huxley College . 
Western Washington State College 
^ Bfillingham, Washington 98225 



Exotech Systems 

525 School Street, S.W. 
Washington. D.C. 20024 

Off ice of Population Affairs 

Dept. p£ Healthy Education and Welfare 
Washington, D.C* 20201 

Planned Parenthopd/World 
81C Seventh Avenue 
New York, New York 

» 

The Population Council 
245 Park Avenue 
New York, New York 

Population Curriculum Center 
College- of Education 

University of "Delaware \ 
Newark, Delaware 19711 

The Population Institute 

100 Maryland Avenue, N;E, 
> Washington, D.C. 20002 ' * 

The Population Reference Bureau ^' 
1755 Massachusetts Avenue, N»W, 
Washington, D.C. 20036 ' 

Superintendent of Documents / 
U.S. Government Printing Office ' / 

Washington, D.C. 20402 : : ' 

Zero Population Growth 

Los Altos, California 94022 
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In the peeper which folloos, John FoDler has provided a sux^drust 
^armaty of th-is Nation 's half decade of battle against pollution. Ee 
joints out the strong overlapping of energy and environmental prohlens. 
In his vieu^ education must include pollution of air, TXiter, and land 
''among its concerns. And since these problems coKKOt be pigeon-TioZed 
in the. traditional disciplines, he urges that environmental educat-Lon 
be interdisciplinary. The urgency of. the, environmental .proolems, the 
long lead times needed for solution, and the richness of their real- 
life examplesi encourage him to recbmn^nd that they be considered. as 
part' of the basic school curriculicm - building process. 



POLLUTION 

John M. Fdwler ^ 



.Pollution is a people-probleni. People create it and; it is people 
^^o define' it. Pollution is something people don* t want, a substance 
which they have added to the environment and which daioages something 
they value: their health, their crops, or the beauty of their vistas, 
for instance. . 

Pollution has, therefore, grown with the human population. Early 
humans coughed in the smoky recesses of their cave homes, and later 
humans coughed and wheezed in the coal smoke of London and sickened 
from that city's fouled air and water at the beginnings of the japdem 
era. Although " isolated abuses (such as the burning of the smellly "sea 
coals" in l8th century London) did bring" of ficial concern and remedy, 
^ has only been. during the past few decades that the confluence of 
industrialization and explosive population growth. has brought pollu- 
tion the status of a national (and to some extent an international) 
problem. 

It was during 'the national introspection of the 1960s that most 
of us finally looked around us and saw that the air and water were 
becoming foul and the land scarred and ugly. It was also in the '60s 
that accumulated medical and other scientific evidence- began to con- 

' vince us that this careless stewardship was costing us money. And 

- that made' a difference. 

Earth Day, inaugurated in Ap^l, 19^70 , is perhaps the landmark of our • 
growing environmental consciousness but tlfe acts of our -national corr- 
•sclence were those passed by Congress during the first half of, this 
decade. The. f rontrunnef was the National Environmental Policy Act 
"^(NEPA) of 1969 which was accompanied by jthe establishment or the 
Enviroinmental Protection Agency (EPA) . . Al^o important were the 1970 . 
Amendments to the Clean Air Act, the Water Quality Improvement Act of 
1970 with its Amendments in 1972, the "Solid .Wast\ Disposal Act of 1965, 
the Resource Recovery Act of 1970, the Toxic Substances Control Act of 
1976.' the Ocean Dumping Act of 1972, and the Noise Control Act of that 
same year. 
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The early '70s were thugr the years of environmental ascendancy. 
'Strict auto emission controls were proposed ^ power plants were required 
to drastically lower the sulfur content of their fuels, cities and 
towns were, given deadlines for "cleaning up their acts,"^and indus- 
tries were required to establish timetables for Meeting Vigorous 
standards for air and water pollution, . 

Then ire began to run of energy. The beginnings of Oil Embargo 
in October, 1973, as^ we look back, may assume the same kind of impor- 
tance in the history of pollution as did Earth Day. It is riot yet 
dear whether it will be the beginning of even more .effective environ- 
mental protection or the' high water mark from which the "environmental 
movement" steadily ebbs. There are contrasting indications. The 
.implementation of the original strict. auto emission standards has been 
twice postponed. A major argument against them has been that they 
increase gasoline consumption. There has been a strong attempt in 
Congress to amend the Clean Air Act to allow power plants mor« freedom * 
to bum coal. ' But this Congress did, finally, pass a strip mining bill 
that puts some federal muscle into ^ that troublesome area of regulation.' 

Contrasts are also apparent xrf.thin the administration's- energy 
package. A great expansion in the use of coalv the most environmentally 
troublesome fuel, is called for. At the same time, there is a strong 
push for conservation which is from an. environmental point of view, the 
single most beneficial energy policy possible. 
^ * ■ - 

- It is not. clear where the final balance will be struck. What has 
becomegbundantly clear since the embargo is that most environmental 
iMTO'S^S^^re energy problems, that the two crises now almost completely 
overlap. One will .not be solved without^ solving the other. 

It is thus not really possible to separate a full discussion of 
pollution from energy. For the purpose of this brief article, however, 
after these initial warnings, we will concentrate as narrowly as 
possible on pollution and read the-nation*s scorecard in the battle 
against it, ^ , 



POLLUTION TODAY 

The major areas of present-day pollution concern are air, water 
and land — which covers all of^man's habitat. There are in addition to 
these broad areas a growing number of specific pollution targets. 
Noise pollution, hazardous substances such as pesticides (and others 
like asbestos, beryllitim and mercury) and solid waste are the most 
important examples. There is a belated but widening concern over the 
purity of drinking water, "What is the score after a half decade or 
so of struggle? 

Ai r Polluti on - 

The five "criteria" pollutants for which air quality standards have 
been set are particulate matter, the sulfur oxides, carbon monoxide, 
nitrogen dioxide, and the hydrogen oxides, A rough indication of where 
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each of these ^es from and whether we are winning or losing in our 
efforts to control them is given in Figure 1. 

There are" both encouraging and discouraging signs in this graphic 
compilation of iata, but the first point to note is that air pollution , 
Is, as we have earlier claimed, an energy problem. Only for the parti- 
culates does any o\her source cltallenge the supremacy of the auto- 
mobile and the electric power plant. 

As for trends, the most encouraging -picture is for particulate 
matter, unbumed carbon ' (soot) , ash and other visible smoke components. 
The shift away from coal by" electric utilities, the installation of 
control equipment on "industrial .and power plant furnaces and stricter 
regulations of the burning of solid waste have reduced this pollutant 
emission from 27 million tons per yeay in 1970 to 18 million tons in 
1975. The anticipated large-scale return to coal may off set some of 
this gain over the next five years. - 

Sulfur oxide is formed when sulfur-containing fuel is burned. 
These emissions also decreased slightly, from 34 million tou^ In 1970 
to 33 million tons in- 1975. (They reached a peak level of 37 million 
tons in 1972.) Sulfur oxides are almost entirely a byproduct of the 
generation of electricity Cand do their damage as sulfuric acid in 
smog.) They are the largest area of air pollution concern as we gear 
up to use more coal. Although this graph does not show it, the sulfur 
• oxide pollution in metropolitan areas has fallen more rapidly than the 
average as more and more of the big power plants arc moved to less 
densely populated areas and tall stacks . are used to disperse the^^ 
effluents. The "dirty" areas are getting cleaner but the "clean' 
areas are getting dirtier. (We can now see the Empire State Buildxng , 
a little more clearly but it's getting hard to seeNew Mexico's Ship 
Rock.) 

The other large improvement was made in the control of carbon 
monoxide. This toxic substance is formed when carbon is not completely 
burned, and most of the nation's total is almost all from automobiles. 
The gradual appearance of new cars with better emission controls has 
reduced this pollutant from 114 million tons in 1970 to 96 million 
tons in 1975. 

Unburhed hydrocarbons are also largely a contribution of the auto- 
mobile, formed by the . inefficient combustion of gasoline. They have 
been brought under control by the emission standards . but the reduction 
in their emission from automobiles has been offset somewhat by 
increase? in their emission from industrial sources, from evaporation 
at gasoline stations (as our-; use of gasoline increases) and from the 
■ increasing use of solvents. The change- from 34 million tons in 1970 
to 31 million tons in 1975 is a 9 percent decline. 

. The emission of nitrogen oxides has increased, going from 23 
million tons in 1970 to a peak' of 26 million tons in 1973 and then, 
falling back to 24 million tons in 1975. Nitrogen oxides^ are, along 
With the hydrocarbons, the most-important ingredients of "photo- 
chemical" smog ^ the eye-searing, throat-irritating haze for which 
Los Angeles is famous (but which most urbanites now know). 
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Figl: Calculated Total Emissions of Criteria 
Pollutants by Source Category , 1970-1975 
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Nitrogen oxides are formed whenever a hot fire exists in air. The 
responsibility for putting them into the air is shared by automobiles 
and power plants*' They are. now controlled to some extent in automo- 
bile emission but not in power "plants. Further regulation apparently 
waits on better doci&entation of this . hazard'. 

. Generally speaking, the nation's, air has improved over the past 
half decade. What about its water? 



Wa^er Pollution ^ 

Among the many different types of water pollutants, the ones of 
major interest are the decaying organic materials which deplete the 
water's oxygen (measurf-ed in terms of the biochemical oxygen demand: 
BOD), the total suspended solids (TSS^,--and the heavy metals and 
other industrial pollutants. Among the diverse purees, the three 
major categories are municipal waste water Csewage) , industrial sourc^s^ 
and "nonpoint" sources such as agricultural and xjrban runoffs The con- . 
tributions of 30D and TSS from each of these thre^ classes of pollutants 
are shown in Table 1. * 



Table I* 

1^ Pollution Contribution in 

Source • billions of pounds/year \^ 

TSS BOD * r:. 

Municipal Wastewater 5.9 5.6 

Industrial Discharge 117.9 4..3 

Nonpoint Sources 3,698.0 45.0 

*From The Seventh Annual Report of the Council on Environmental 
Quality, U.S. GPO, $3.50, 1976. ; _ ^ 

* - . • ■ 

The regulatory focus has-been on the improvement of municipal 
water treatment knd industrial water treatment. About $5 billion was 
•spent on water pollution by the federal government in 1976, largely 
for the cctostruction of primairy and secondary treatment plants and 
this will increase to almost $7 billion in 1977. 

l!faat all this attention is obtaining results is beginning- to show 
up in tfais country's rivers. Of the 12 major rivers being monitored, 
most havW shown slight decreases in Vpollution as measured by such- 
Indicator^ as fecal coliform bacteria and BOD. But these improvements 
start from a baseline condition (measurements began-in 4:he~-early '70s) 
in which almost all measurements showed pollution levels that made the 
water unfit for human contact. 
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The lakes are also in bad shape. In a recent stuc of a group ot . 
northeastern and north central lakes and reservoirs whicn were- affected 
by municipal sewage discharges » 81 percent were In an advanced stage of 
.^eutrophication (the kind of nutrient enrichnent that leads to unbalanced 
algae growth) . ' As this' nutrient enrichment process is gradually being . 
understood, it becomes clearer and clearer that the triggering pollu'- 
tant is usually either phosphorous or nitrogen. It is also clea,r that 
these pollutants are not just from sewage. Agricultural runoff is the 
most grievous offender, and the most .difficult to regulate* 

We have xade only small improvements on our water. It must under- 
go complex physical "Itod chemical treatment before we can drink it, (and . 
we still find 4,000 or'^Socases of water-borne disease each year). We 
are denied the' pleasure of^^lmming in most of our rivers and in a 
growing nmber of our iak&. How is cur land doing? 



Land Pollution 

Among the many different types of. land use problems awaiting solu- 
tion, the two forcing themselves more and more on our national - 
conscience are mining and land reclamation and the disappearance of 
farm land. 

- ^- 

The strip mining picture has brightened a little in the, past five 
y^rs. State requirements have been tightened and now there is a new ' 
: fe^earal law, but there is a long way to go. As is shown in Figure 2, 
of .the^2,542^682 acres needing reclamation, the laws will require 
reclamation of only 614,239 acres — about a quarter of- the total. We ^ 
'\ also"^see from this figure that coal surface mining accounts for about 
half of Jthis land. If we double our coal output by 1985 and rely on 
strip miiing for half of this, the total land problem will grow. 
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Figure 2: Status of Land* Disturbed by Surface Mining in the 
" United States as of January 1, 1974. 



Figure 2 shoved us"^ that there vere about a oillion acres of coal 
land needing reclamation » We are» however ^ losing a nuch larger chunk 
of .land each year, for which there is no reclaaation— the 1.25 million 
acres per year that are set aside for urban expansion, roads, and 
reservotsrs. MucH of this land is rural cropland. Although urban land 
and roads make up only 2,7 percent of . our total land, the amount of 
land "set aside for thes,e purposes has doubled sinc^,,-2r9$0." Before we 
become overly concerned for the future, hovever^ we can take heart 
from ^the statistics which show that, since 1970, non-taetropolitan 
population is growing faster than that in the metropolitan areas C^ven 
though the farm population continues to f alD and this may slow urban 
expansion. In some parts of the country CSuffolk Co., Long Island, 
is the prominent example) the rich farm* land is being deliberately 
protected from development. 



Solid Waste - 

Disposal of our leftovers has also been a land use problem but it 
is now spreading its disfavor to air and ^ter as landfill space 
becomes scarce. This nation generates about 4.5 billion tons of waste 
per year (170 million tons of this collected by municipalities) • This 
annual throw-away iricludes, for instance, .48 billion cans, ,26 billion 
bottles and jars, 7.6 million television sets, 7 million cars and 
trucks, 30 million tons of paper, and 4 million tons of plastic. 

It is costing us more and more to dispose of this waste, a. cost 
rising toward S25 per ton. The energy crisis helps us here because 
serious efforts are under way to convert the organic, waste to fuel and 
to recycle the metals and some of the paper. Solid waste is becoming 
a "resource,'* but recycling and conversion won't provide a complete 
solution* We muse, finally » develop energy-economic, long lasting and 
recyclable consumer goods. ("A bottle in the hand is worth two in the 
brush!") ' 

Other Pollutants 

We have touched on the major tbpics perhaps, but the actxial list 
goes on and on. State, federal, and local govemmencs are Just begin- 
ning to wrestle with noise and more battles, such as New York*s 
opposition to the SST are ahead. The nuclear power controversy has 
kept radiation and r ^active waste before us;* We have only begun 
to look at pdllt.Ttion *a the workplace and to worry about the health 
of those who work with dangerous metals, poisons, ar-d carcinogenic 
materials. DDT is. regulated but not forgotten, and new dangers from 
pest ccntrol chemicals are constantly being lincbvered. 

The battle costs money. The Council on Environmental (Juality* 
estimates a cost to this country of $325 billion from 1973-1982, 
$195 of thl^^ec oral money. As large as this is, the incremental 
amount is notyrightening. Costs of pollution control \»rill probably 
not be more than 1 percent of the GS? in any year and are expected to 
add, at most, 0.3 percent to price inflation, Vben the 3,dded jobs. 
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the energy savings, and the original goal~a better envlronaent— are 
added In^ it seems a battle .vlch the price; / : 

POLLOTIOX AND EDUCATIOS' 



• As I have vrittcn elsevher'e vespi^ci to energy, there are 

certain definite criteria vc should apply when ve consider :;:he intro- 
duction of sociai/envlroaaental/econcriic issues into the curricuivas. 
They oust be urgent ^ they aust be long-lived^ and they must be teach- 
able at different grade levels and in different disciplines. 

The urgency is clearly there for pollution. X vould require 
that the probles be long-lived — that Its urgency be measured in at 
least half-decades — in order that it taatch the slowness of innovation 
in education. The probles nust still .be there at the end of curricu- 
lum development^ testing, revision and textbook infusion. The pollu- 
tion problems xrill still be there. - , 

The Issues must be teachable ^t a variety of grade levels and in 
a variety of disciplines. Said in another «ay* education must see a 
role for itself. There are roles. The first is to raise consc:^x>usnes» 
levels, create ^vareness. It is important, in fact, that poilutibn^ 
education move beyond the "nature walk** level and become a vehicle for 
conventional education. Even in the brief resume of this article, cnfe 
can easily see opportunities for teaching/ learning materials in the 
sciences, social studies (civics, cultt^ral comparisons* individual and 
group responsibility) » nathemacics, career plarSiing, hcme^ economics* 
and many others- The need and opportunity f c r value clarification 
an4 decision-^s^aklng exercises are equally evident. 

The major advantages that teaching on and about and vith this 
country *s pollution problems vouid bring to education iy that they 
are real problems and thus demand that the clr.ssrocm opef its doors 
and windows to the real world. And like all real problcms^^ey resist 
being pigeon-holed under titles of history, civics, physics i chemistry, 
biology, etc. If education is to treat them properly, then the winter- 
disciplinary component of teaching will increase and education will 
be better for ic. If education pre^nares a new citiifeenry which under- 
stands these problesis and is committed to the search for solutions, > 
ve will all be bitter for it. 

POSTSCRIPT 

I. have so far written in the spirit of a new discovery: "Look 
what I founds look what we ca: do." Pollution or perhaps we should 
say **envirorjaental education" has been iq fact growing in strength 
in our classrooms over the' same five years.v It has, however, grown 
without pi a V^r design and In many different directions. A critique 
or review ol EE programs is beyond the , scope of both my experience and 
"the space allotted to this arcicle. The bi'ief bibliography which 
follows has some suggest ions for further reading. It doe» appear 



clear from che current literature chat^ educators and enviromnentalists 
are still searching for the most productive ways to integrate an under- 
standing of and concern for the environment and of the way humans 
pollute and abuse it, into the total curriculum. * It • is the intent of 
this articlp, to provide some evidence fo:i: the continued urgancy of that 
Cask# For pollution is a^eople problem; people create and define it^ 
And people must solve it. 




Following is a brief list of resources.. Pollution is such a large 
subject that only basic source documents are provided, The^eader 
should use them to fixid material of particular interest . ^ 

£ny>rgnaentai ' Educart^c^n 

Bisinger, J* F. (ed*)'. Environmental Education Information. Report: 
T A Directory of Prelects and Programs in Environmental Education ^ 
\ Third Edition ^ ^iHIC Information Analysis Center for Science, 
\ Mathematics and Environmental Education. Columbus, Ohio: Ohio 
\ State University, 1975. 

Marle^, Robert (ed,). Current Issues in Environmental Education . 

Information Analysis Center for Science, Mathematics and 
Envj^nmental Education. Columbus, Ohio: Ohio State University, 

/ ^ , • ■ 

Tanner/K. T. Ecology^ Environment, and Education . Lincoln, Nebraska: 
Professional Educators r^blications , Inc., 1974, 

Garigliano, L. J. and 3. J. Knape Ceds.). Environmental Education In 

the Elementary School. U'ashingtoh, D.C.: XSTA (v471-147i2) , 1977 



Pollution 

Dasbach, J. M. Science for Society, Sixth Edition . Vashington, D.C: 
American Association for the Adva^.cement of Science, 1976. ^ 

T^ie sixth in 5 series of useful and comprehensive bibliograpliies • 

EPA. £?A Protecting Our Environment . Washington, D.C t Office of 
Public .Affairs. United States Environmental Protection A^-^ncy, 
1977. 

This is a very brief concise summary of pollution as seen frcr EPA 

EPA. Trends in the Quality of the Nation's ^Lr . Wasliington, p.C: 

Office of Public Aff'alrs, United States Environmental Protection 
Agency, 1977. \ • 

Tiiis is a very brief but quantitative sumi^iary of air pollution 
with good graphics. 



USGPO« Environmental Quality^ The Seventh Annual Report of the Coimcll 

on Environmental Quality , Washington, D.C-: . USGPO (l?04l-0l0-003l-2) ^ 
1976. 

This report was $3.50. THese reports are Isstied each year and are 
the. single best stannary available. The eighth ar^nual report, 
covering 1977, will be available In mid-January 1978. 



Journals 

The teacher who wants to keep abreast of developments In either environ- 
mental education or pollution is referred to the following journals. 

The Journal of Environnental Education ^ Heldref Fublicatlons, 
4000 Albermarle Street, Washington, D.C\ 20016. 

The EPA Journal , U.S. Environmental Protection Agency, Su^r- 
intendent .of Documents, USGPO, Washington, D.C* 20402. 



Fowler, J. M. "Energy Education and the *Wolf Criers*." The Science 
Teacher, Vol, ^3, No. 3:25-32, 1976. 
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Energy, Population, PolZutioKj and not) Natural Fesourcesj the 
BuboectB covered in the first four papers of this yearbook might be 
considered the "big four" of science/ society issues. They are not, 
of course, four topics, hut rather, one large four-^dimensional super- 
topic and super problem. Bow our generation deals with this- super 
problem will affect the future of our planet. Jack Carter has chosen 
to look at natural resources from the point of view of a need for 
conservation., te vropqses the need for education to help create a 
new ethic of conservation. / . > - 



NATURAL RESOURCES 
Jack L» Carter 



INTRODUCTION 

A large number of thoughtful people with diverse backgrounds and. 
training have accepted the hypothesis that when we consider our avail-- 
able natural resources, available usable energy, rate of pollution^ 
incteasihg world population, present economic systems and established 
value systems, the destiny of mankind is presently on a collision course. 
The problem has been defined but the time line has not been. well 
established^ thus the unbalanced equation for this formidable reaction 
is still in process.^ Our formal system of education, plus other commun- 
ication systems including the mass media, have a major role to play in 
identifying the paths this* reaction may take, and v in aiding all mankind 
in attempting to balance this equation. 

If this homeostatic equation for the planet . earth Vs life support 
systems is as seriously tilted and out of balance as it ^presently 
yseems to be, then not just science teachers, but all teachers, have an 
obligation to identify this equation for their students and <o help 
their students to see the relationship that exists among present " -ow- 
ledge and skills, value" systems, and the power of mankind to defi; the 
future of all life on earth. . 

Public school science teachers could become the people who will 
tip the scale toward survival. But based on our present limited piC'- 
ture oi- holistic science and homeostasis, an<i our inability to concep- 
tualize and ter.ch problem-solving, plus the value system ire convey by 
our methods of teaching and evaluation, this may not be possible • 
Unless major changes are m^de in our mc^ nods of teaching \sc ience , 
especially to those students vho do not plan care^i^^ in science, it 
seems unlikely that we will make contributions equar^to those who 
teach the social sciences and humanities. 

\ 

\ 
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Natural resources have been defined as those actual and potential 
forms of wealth that matikind can utilize for welfare and survival. The 
availability and distribution of n^itural resources over the earth vary 
greatly in Quantity, quality and reuseability, thus it is impossible to 
separate their use and misuce from world politics and economics,^ One 
who has lived or traveled over the green and fertile upper midwestem 
United States, and has then had the experience of travelling through the 
dry barren rock-strewn and dusty countrysides of north central India 
or the dry deserts of northern Mexico, cannot help but be thankful for 
the .opportunity to live in a portion of the earth that is rich in 
natural resources and that has an eqi^ble climate^ 

i^The most widely accepted and usable' classification of natural 
resources is presented by Oliver S. .Owen in his textbook titled 
Natural Resource Conservation:^ An Ecological Approach . I present it 
here with the autl^o^'s permission, 

I. Inexhaustible ^- 

A. Immutable . Seemingly incapabl'*. of much adverse change through 
man's activities. 

1. Atomic energy . Vast quantities of fissionable materials 
available in granitic rocks. 

2. Wind power . The result of climatic conditions. 

3. Precipitation . An unlimited supply. Man, however, will 
very likely alter the distribution pattern in the future 
through weather modification. 

• - 

4. Water power of tides . Resulting from sun-moon-earth 
relationships. 

B. Mijbusable . Little danger of complete exhaustion, but when 
im^roperTy used their resource qtiality may be Impaired. 

1. Solar power . The total amount received by growing plants 
has been reduced by air pollution caused by man. 

2. Atmosphere * Local and world-wide pollution because. of 
smoke, exhaust fumes and nuclear fall-out. 

3. Water of oceans, lakes, and streams . All currently be ihg 
polluted at increasing rates as a result of human activity. 

4. Water power of flowing streams . The reaction of water to 
gravity. 

5. Scenery in its broadest sense . Aesthetic values subject 

to impairment by human activities. Examples: Mt. Rainier, 
Blue Ridge Mountains, Oregon and Maine coastlines, Grand 
Canyon^ ' 
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II. Exhaustible * 

A. Maintainable , Those resources In which permanency is dependent 
upon method of use by man, 

1, Renewable . The. living (biotic) or dynamic resources whose 
perpetual harvest' Is dependent upon proper planning and 

. .. management by man. Improper use results in Impairment or 

exhaustion with adverse socio-economic consequences for man, 

a. Water in place . The quantity and quality of rater In 
specific places of use: streams^ lakes , subterranean 
sources. 

b. Soil fertility . The ability of soil to produce plant 
substances desirable to man. Renewing soil fertility 
takes time and money. 

c. Products of The land . The resources grown in or 
dependent on the soil. 

1) A&ricultural products . Vegetables, grains, fruits, 
fibers, and so on. 

2) Forests . Source of timber and wood pulp, 

i 3) Forage land , wT^Sus tains herds of cattle, sheep, and 

goats for the production of meat, milk, leather, 
and wool. 

4) Wild animals . Deer, wolves, eagles, blue birds, 

bullfrogs, spotted salamanders, sphinx moths, fire- 
flies, etc, 

d. Products of lakes» streams/ and impoundments . Fresh- 
watery fish: black bass, lake trout, catfish, etc, 

e. Products of t:he ocean , . Marine fish: herring, tuna. 
Marine mammals: porpoises, -gray whales, fur seals, 
etc. 

f . Human powers , Phy^sical and spiritual, 

2, Nonrenewable , Once gone there is no hope of replacement, 

> a. Species of wildlife . The passenger pigeon, great auk, 

and Carolina parakeet have become extinct. They repre- 
sented the end products of perhaps a million years of 
evolution, 

b. Specimen wilderness . Within several human life spans 
wilderness values cannot be restored even "with the 
most dedicated program. 
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B. Noiunalntalnable ^ The mineral resources. Total quantity Is 
static. Mineral resources are regarded as wascing assets. 
When destroyed or consumptively used^ they cannot be replaced. 

1. Reusable . Minerals whose consumptive usage Is small. Salvage 
or -reuse potentialities are high. 

a« Gem minerals > Rubles, emeralds, etc. 

b. Nonconsumptlvely used metals # Gold^ platinum, and silver; 
some Iron, copper, and alumioum. These metals can be : 
detracted and reworked Into new products: jewelry, 
silverware, vases, etc. - . 

2. Nonreusable. Those minerals xd.th a high or total consumptive 
use. Exhaustion Is a certainty.- v<fl 

• • ^ ■ ■ ■ r '4 ■ 

a. Fossil fuels . When consumed, gases (potentSLal pollu- 
tants), heat, and water are released. 

b. Most nonmetallc ■ minerals , . Glass sand, gspsxjm, salt , 
etc. 

c. Consumptively used metals . Lead fn high-octane gasoline 
and in paint, zinc In galvanised Iron, tin In toothpaste 
containers, iron in cans, etc. . 

. This classification system Is of special value to teachers and 
students because It. not only lists our available natural resources, but 
it categorizes our natural resources in a manner t^t^laces the respon- 
sibility on man to determine the future availability and usability of , 
many of the resources. By carefully studying this classification system 
we* come to realize that the future availability of any single resource 
is not In the hands of the gods, but rests In the ability of mankind to ^ 
determine the use of these natural resources, and consequently the future 
of all life on earth* 



Historical Attitudes 

The hls'rorical roots of the Western tradition have resided in the 
bedrock of arrogance toward nature. The Christian religio^^ which is 
considered by most authorities of the religions of the wol^d to be the 
most anthropocentrlc, has encouraged mankind to take dominion over the 
earth, and to exploit nature to his own ends. The Christian concept 
. of -continual progress, which Is unknown to many religions of the world, 
has encouraged man to exploit the environment for his fulfillment. If 
the day-to-day activities of Western cultures and the attitudes we demon- 
strate toward all life on earth are any indication of our belief systems, 
the Copernican proposal that the earth is not the center' of the solar 
system, and the Darwinian theory of evolution have never been fully 
accepted by Western societies. A large segment of our society is as 
anthropocentric today as it was in the Dark Ages. The idea of a cycle 
of life, of which death is natural for all forms of life including man, 
continues to limit our ability to live a life of consideration and 
respect for other forms of living things. ^ 

~ \ ij>0 



In the past century this nation has become aware of two Intrinsic 
dilemmas; one Is the conflict of private property vs. public property, 
and the other confronts the Interface of a philosophy of Increased 
consumption (growing economy) and that of decreased consumption and 
conservatiofi. President Theodore Roosevelt first identified this 
national conflict when he recognized the need to protect national 
Interests in such resources as water, timber,* wildlife, soil and 
minerals. In 1908, President Roosevelt invited govemors7 Interested 
congressional leaders, and scientlists to the first White House confer- 
^ e^nce on natural resources. Based on the conclusions of tHis conference, 
several hundred million acres were withdrawn from private use, and con- 
served' as part of our natural resources inventory. 

Since this first national major effort practically ^very president 
has made some contribution to the national conservation movement . 
Franklin D. Roosevelt created the "National Resources Board, the Civil- 
ian Conservation Corps (CCC), the Soil Erosion Service, and the Tennessee 
Valley Authority (TVA) in 1933, and in 1937 he took a leadership role in . 
the passage of the Wildlife Restoration Act. To varying degrees, all of 
our recent presidents have considered the conservation of our natural 
resources a major national objective. Except for periods of national ^ 
emergency; i.e. World War II, Korean War, and the war in Vietnam, we 
have devoted a considerable portion of our national wealth to conserva- 
tion. It is also important to observe that at times when the national 
economic picture has been lagging we have used conservation programs 
to reduce unemployment through such activities as the'Publlc Works 
Administration (PWA) , the CCC of 1933, and the Youth Conservation Corps 
(YCC) of the past decade. . * 
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The Development of Conservation Ethic 

Over the ^past several thousand yeara Homo sapiens have been trans- 
formed from paleolithic hunters and gatherers that moved in search of 
food and exploited the available nattnral resources as they traveled, 
to an agricultural-intensive and pastoral species that have for several 
reasons become confined to smaller areas or single localities. for their 
livelihood. But in -spite of this more sedentary life that has allowed 
the hjsfl^ population to skyrocket and cities to grow, the gene pool of 
maJTV the exploiter and hunter, has not been greatly altered. We liye 
and earn our daily bVead- in cities, but on weekends we exodus to the 
country. A summer home on a lake or in the mountains is the. ultimate 
objective of vast numbers of city dwl"!crs. Changing the biological 
(genetic) evolution of man is a slow process and will require centuries, 
but for good or "bad, with time mail is adapting to new conditions • 

The Spanish, French and Dutch explorers who first came to North 
America were in many ways exploiters and plunderers just as were many 
of the first hunters^and trappers who roamed the western United States. 
But the geometric Increase in our population and the migration of 
Homo sapiens to the ends of the earth have placed pressure on man to 
relinquish the Horace Greeley philosophy of ''govwest^^ young man" and 
to follow the teaching of Henry David Thoreau to maintain and improve 
the quality pf life in th^ place where we are, be it Walden Pond or 
the Concord, Massachusetts, jail. 
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In recent times the writings of Aldo Leopold, Barry Commoner, 
Garrett Hardin, Paul Ehrlich, John K. Galbratth, Kenneth Boulding, 
Rachael Carson and others have made us aware of the concept of limits, 
which is not only contrary to our biological nature but challenges the 
religious, social, economic, and political systems of the United States. 
Like the difficulty man has accepting death, so some economists, poli- 
ticians and a few scientists have said it cannot happen here and 
continue to speak out against any philosophy of limits and the accep- 
tance of an. environmental ethic that would result in che conservation 
of our natural resources. •> 

But ever so slowly, the kicking and screaming as we. go. we are ^ 
moving toward a natural resources conservation ethic. E» F. Schumacher 
has reminded us in his book. Small is Beautiful , that this title holds 
meaning for much of the world, and it can also hold meandLng for those 
of us who have lived our adult lives in the United States. We are 
discovering that smaller portions of fresh meat, smaller homes, smaller 
cars, smaller families, and smaller budgets can all be beautiful. The 
acceptance of this idea can make economic sense, improve bur physical 
and mental health, and allow us to share a larger portion of our 
national wealth with a poverty stricken and hungry wrld. While one 
segment of our society is saying we mus^produce and purchase more 
"things" if we are to preserve our cap 1 1 alls tdi^c form of government and 
come to know. joy, those folks that are interested in performing services 
to their fellow man are saying sharing is where the joy of living 
resides. The ethics of serving, conserving and sharing are important 
enough to a growing segment of our society that they are xi/illing to 
carry their banner against those who would shout for more competitlpn, 
private ownership^* and increased personal property. So a conservation 
ethic continues to grow because we canl^ford to share and conserve 
with our fellow Homo sapiens ; but also b^feg^ijse we dare not overlook 
this opportunity to share and conserve with^SS^^^jggg^^^of^ life. 

A MODEL FOR NATURAL RESOURCES CONSERVATION EDUCATION 

Like most major concepts and ideas we teach in oiir schools, natural 
resources conservation is an integrative idea and probably should be 
taught as appropriate throughout the science, social science and humani- 
ties curricula. Rocks, trees, and birds are intricate parts of our 
natural ecosystems about ^ which scientists have gathered information, 
economists have designed monetary schemes, and artists have written 
sonnets and cantatas. 

As is true witli most subjects taught in schools, when teachers want 
to express their views or feel a need to teach some aspect of natural 
resources conservation it .will be placed on the printed or unprinted 
agenda. But only when teachers develop the personalized intrinsic need 
to expose their students to this subject and feel safe handling such a 
large integrative idea Kill natural resources conservation. become a 
regular part of the curriculum. > 
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Past experiences have taught us that if we want to maximize learn- 
ing, planning and scheduling will be required. This is especially true 
vlth large and diverse concepts. We often teach bits of knowledge such 
as the structure and function of parts of corn or bean seeds, but seldom 
do we integrate this knowledge into a larger concept such as the rela- 
tionship that exists among the evolution of double fertilization and 
endosperm, the evolution of primates, and the economic and cultural 
problems related to feeding the world. This kind of teaching demands 
thoughtful planning, and a very different kind of curriculum development. 

■ Proposed here is. a three-part attack on the task of developing a 
natural resources conservation education model. The approach described 
is not unique, and it has been useu by the author as a procedure for 
developing courses and instructional units within a variety of biology 
courses. In this model we must 1) recognize the need for knowledge or 
a body of sound information, 2) have an interest in developing cognitive 
skills in our students and preparing students to use inquiry skills in 
their own learning,- and 3) identify, develop, and clarify those values 
that are 'Important in a conservation ethic. 

Learning and -Teaching About Natural Resources 

Many teachers have an inadequate basic knowledge of the earth^ 
knov.:* available natural resources. Their backgrounds and college 
experiences in the field of natural resources conservation are limited. 
Textbooks of elementary and middle school science, as well as secondary 
and college textbooks of the physical, earth and biological sciences 
contain little information describing the world's available natural 
•resources. If this is the situation then a maj^or obligation of those 
who teach science, and those who teach teachers of science, is to 
surround themselves with the available literature and to develop, habits 
of reading and studying this literature. If a teacher is going to stim- 
ulate students to Want to learn, the teachei must want to read and study. 
Many teachers continiially encourage their students to become knowledge- 
able and informed. But when we examine the reading and study habits of 
teachers, as students do, we recognize these teachers as somewhat dis- 
honest, because they are not scholars and students of their discipline. 
No one recognizes this dishonesty and insincerity as quickly as do 
students. 

The bibliography of this paper contains the titles of ten common 
journals and periodicals that qjublish a variety of articles that, can 
add to the knowledge of those who wish to stay informed about the 
current available data and issues concerning natural resources. These 
are only a few of the many such journals available to teachers. Beyond 
these major publications teachers have an obligation to be aware of 
state and local issues and to bring these issues to the attention of 
their students. 

Teachers mast also work with administrators and help them to be 
informed of new and important library and audio-visual materials. An 
excellent way for a teacher to obtain such information is to read the 
book review and audio-visual columns in many of the journals listed 
in the bibliography of this paper. 
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Field experiences can paint a vivid picture of the need for natural 
resources conservation that will persist forever in the lives of many 
students. Such problems as overgrazing, erosion, air and water pollu- 
tion. Improper strip-mining practices, and inadequate bus service . 
surround us and are available for all of us to observe and study. But 
many times* as students grow up surrounded by these problems, they fail 
to see them unless the well-informed teacher brings them to their 
attention. 



Improving Cognitive Skills of Students 

A major objective for all education is to improve cognitive skillsT 
The science teacher must accept the responsibility for improving the 
basic cognitive skills; i.e.i reading, xinriting and arithmetic, plus the 
specialized skills appropriate to the science they teach". Teachers at 
all levels continually seek scapegoats on whom they may^ lay the ^ blame 
for their students' inability to read, write and handle numbers. Only 
when teachers of high school and college science accefi>t the ^students 
where they are when they enter their classes and sed' themselves as 
' teachers of feading, writing and arithmetic, plus other vital skills, 
just as elementary school teachers are teachers of a wide variety o;f 
cognitive skills, x^ill secondary schools and colleges start to realize 
their full potential toward strengthening democratic systems. 

' The ultimate objective o^f cognitive learning is to carry students ^ 
of all ages thorough Jean Piaget^^four levels tff development to where 
students can use formal operations to solve immediate and long-range 
problems. For far too long we have centered our teaching on concrete 
operations and failed to teach the skills necessary for formal opera- 
tions. But than all too often, in order to get nice bell -shaped curves 
in our grading* we have tested for formal, operations* We are slowly 
beg liming to realize that the fault does not , lie with stjudents t>ut must 
rest squarely on teachers. Defining terminology and labeling the parts 
of the various systems is only the first phase of concrete operations, 
vand these steps must lead to a synthesis of knowledge and a demon- 
strated understand.lng of the interdependence among species to live 
within the known and unknown limits in our avai'.able natural resources. 

Leamipg the skills of comparative reading and questioning are a 
step in •the right direction and mast be encouraged. Designing , indi- 
vidualized and group activities that involve laboratory and field 
experiments and result in interpreting data and presenting data are 
valuable experiences. Studies of local habitats including the 
chemistry and biology of ponds, aging of plants and animals (includ- 
ing man), and studies of weather and earth science all bring students 
in contact with real and important problems. Interviews .with elected 
political officials, civil servants, parents and older citizens with- 
in a community can establish a picture of the local natural history 
and the need for conservation of natural resources including land, 
water, and energy. ' 




Values and A Conservation Ethic 

Teachers and their styles of teaching and evaluation have great 
influence on students. Just as parents » television and peer groups 
have all played a major role in influencing the behaviors each of us 
conveys to those in our environment; so the behaviors of those of us 
who teach Influence students who attend our classes. This places 
teaching jiear the pinnacle of Influence and responsibility and makes 
those values that ve demonstrate to our students of prime importance 
to future generations. 

If the concepts of conservation, sharirJ;^ openness'^ honesty, and 
trust are desirable behaviors for the larger society, then we must 
design, classrooms and class activities that encourage and reward these 
values. If we hope to promote exploitation, competition, closure, 
dishonesty, c.^*d distrust in the community and throughout the world, 
then. we must design activities that will foster and reward these 
behaviors. Each teacher makes a personal decision regarding the 
behaviors he or she will reward and the path their classes will follow. 
As we write our lesson plans, design and administer evaluative instru^- 
ments, select the reading assignments , .and design class activities for 
our students we are altering their behaviors. If our objectives 
include sharing, then the class activities should be designed in such 
a way that only through cooperation and sharing can the activity be 
successfully completed. A classroom can operate out of a threat 
system and a teacher can gain respect through fear of reprisals 
against those students who do not give respect, or the same classroom 
can build trust out of respect for a teacher model that exemplifies an 
open society on which, a democratic society can survive and flourish. 
Many of the basic concepts we will want to identify in teaching students 
to understand the need to conserve our natural resour'ces demand that we 
will be willing to share. We do not all need homes on lakes or in the 
mountains, because through our tax dollars we can enjoy thousands of 
lakes and mountain scenes that are being conserved for us to enjoy now, 
and for our children and grandchildren to enjoy through the ages. 
Through /jspund conservation practices we c-an all enjoy whooping cranes 
from Padre Island off "the coast of southern Texas to northern Canada, 
as they cross North America twice each year. This is sharing for the 
coiomon good because we all have an investment in the success of this 
endangered species. This same principle of sharing can be stimulated 
and encouraged, through classroon: activities that are .based on coopera- 
tion rather than cornpetiticn. 

Can Homo - sapiens learn to conserve and share our natural resources? 
Will we balance the homeostatic equation for the planet earth in time 
to save our life support systens? Can those of us who teach convey che 
necessary knowledge, teach the vital cognitive skills, and set an exam- 
ple through our value system' that will keep mankind from tumbling head- 
long into 'extinction? The present student generations can make a 
difference, but will they? 
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3ij t7ie<2i very yiature sciertee/societ^y issues ca^e zritei^isciplirjciru . 
One of the difficulties with dcaiinr t^^th these issz<es ih^^ne sahccl 
setting is- the ernphzs^s on disciplines cs cn crgcznizing func-ticp in 
schools. This <jpproc:cfh ?jzs served cur schools in the pastj and 
att^inrpts cri developing inzcrdisciplinc^^j^ courses rjrJe been disappoint* 
ir^ BO fcT* ^'-NeverthetesB y neu^ classification systerTts rrrUst be. 
developed if the school is going to consider ^'real world'* problerts^ 
^Jhich have an interdisciplirjzry ncT^^re. Paul Surd proposes a nCxA 
for a study of hurrton behavior<^ Vhat Tie rrieans by this crjd rjT^^ iz 
might be carried out is discussed in the folloviyzg p-aper^ 

Hl»{AN BERV/IOR ' ^ ' " 

Paixl DeHarc Kurd 



Efforts to understand vhy hunan belp.gs act as chey do have 
challenged philosophers, religious reachers, and people generally 
since the or.ser of hurtan exiscence. People vender abour' their own 
actions and their interactions virh orhers. The sto cf -cbe^re actions 
Is described as husan behavior. The phrase *'hiOTan behavior/' inplies 
that the behavior of hursar.s is not vholly like that of other organistis 
but is special. The central question is: n'hat is unique about husan 
.behavior? 

The study of hutian behavior is an exploration of the veys huz^an 
beings adapt to their total environrienc . The total environsient 
includes all aspects of our natural, r^n-t:i3de» and social surround- 
dings* Himan behavior is the vay ve respond co sone situations vithin 
our environment, including other people- Responses isay be biological 
in origin or they tiav be s product of leamin?; they are seidots purely 
one or the other* Himan behavior Is closely related to societal 
processes and sx^^ influenced by one* s culture. The hunan adaptive 
capacity is^ tiore ccciplex and exceeds that of all other crganisns- 

The prinar:/ purprse of education has alvays been to influence the 
behavior of prople — on the cnt ban:: increasing the auaptive potential 
of the indi^'idual, and on the orher, fostering-, the social good. At 
various titjcs che educational conditions nec>:>ssary to achieve these 
purposes either conflict vlth hur^an needs or :-ccor,G out^soded* Societr' 
changes^ t^ cc. ture assutres wider dimensions » or the huaan it:age c 
acquires nev pers.^ectives. Unless the curriculuti keeps pace vith 
these changes it bt.-^oties s:ialadapti%*e for the^individual^ a potentially 
disintegrating force society; a crisis inn:he educative process 
Itself results, we are now experiencing s;jch a curriculum: crisli? 
especiallv at the intermediate rind secondary school levels. 

' ■ ■ ■ ■ ' /\ 
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Alon^, with changes in our society, culture, self-image, and environ- 
ment are chose caking place in the scientific enterprise icself* Social 
processes, life cvsnts^ environaental condicici-Js» science and technology 
have become irrevocably intertwined andltautucliy dependent. We have no 
terra to describe vhat is eaergiag nor is it possible at this time to 
identify all the interacting components. Ir does seers evident chat an 
effective resolution of the problesrs and issues affecting .huaan behavior 
today depends upon differing t:cdes of thinking and a reconcepcuaiisation 
of relevant knowledge. ?or the teaching of science this aeans a 
greater recognition of rhe science/society/ indi'^dual'^tersects for 
linking science teaching to husan actions. 

( RATIO^^ALH 

Why has the question of hui:^an*^ behavior becorse a curriculirs concern 
in the te^acMng of science? The concern energes froca a nunber of 
sources, tt arises zr-^rr. a co=;bination of individual, societal, and 
science happenings t: have cone into' focus vitbin the past decade. 

Of the sany surveys of student interests in or- out of science the 
results are re=arkedly similar: students vant to know aore about 

theoseives, a^re about other' people, nore about hov to get along with 
people and noi^about life and living. If these results are taken as 
educational g'^als th^y add up to a detiand for a study of huttan behavior 
rwr-?J5^art of the curricului:. The recent pressures by students for 
greater "relevance*' (hur^n concerns) in the curriculun substantiate 
their interests. * ^ 

Society hes reached a turning point — a lea? forward or backward — 
the direction is not clearly indicated. Hunan beings ha^'-e only recently 
becoic aware that they are the first animals to he fully responsible for " 
their own future evolution: ::cv people act toward other people and 
co^i^d their total environr:ent will detemine not only our cua^lity . 
of life buc'also whether Ho-o saoiens should be regarded as an endan^ 
gered species. - . 

Scientists in general and biologists in particular Cthe neobiolo- 
gists) hav*^ Increasingly^ in recent years^ expressed a need for , 
''develop! rig fence of humankind* Sertalanffy in his book on Robots , 
Hen, and Minds (1967) states that what we need is a ''scie- =^ £f and 
for tian/' - Margaj^t Kead*s presidential address at the 1^76 convention . 
of the AaVS was a plua for '"the de^/elop-tent cf a fully hut;an sclenp^* 
The new college- level prcgrar^ in hunan bdolo^;y^ husan ecology, science- 
tfechno^logy-sccie:y, and environmental science .::re representative of 
current efforts to formulate a science or humankind, 

Little is being dene in <^chools ;i^fi' ' :'jHy (^I'.hough there are note- 
worthy efforts) CO help ycung people v-^ r>t and and "find'" thetiselves 
in this new world which Soulding C1963; has described as a "cultural 
nutation.'* It hasr't taken lon?:» however, for the charlatans, the 
pseudoscientis::?^. the rr.ysrics. zh^ psychics, and the peddlers of dru^s 
to siove in with rcclp<:s for trodifylng hu£nn behavior- In general, 
exciudin*^ a few schools of psychotherapists » what vouches offered is 
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a lk>dge>odge of noaincellectual, nonsciencif Ic substitutes for realistic 
problem-sbiiring behavior* Drugs, layscical experiences, food^fads, 
ttterapies' (^alytic, behavioral, husanisLic, or cranspersonal) , nev 
"religions /^Npegavitaiains, aeditat ion rituals^ stylistic exorcises, 
modeling and taioicry, exotic dress and life styles-, encounters, 
astrology, a variety of new *'gods" and gurus, and core all represent 
devices, procedures, or efforts to aodify huaan behavior • There has 
been a tsodest, short-lived positive impact from soce ol these efforts, 
tremendojis ham frcn others, and almost no understanding of hutsan 
actlons^fof eserging life conditions, Vhistt ±9^ indicated, hovever, is 
the irrportance of a serious study of human behavior as a parr of the 
elementary and secondary school curriculum. 

Whatever our behavior as human beings, it is interpreted as adap- 
tive or maladaptive* A major goal of science teaching ought to be to 
increase adaptive capacities favorable to human existence. The demands 
jtmon the human organism today exceed its' genetic adaptability; ad:3ust- 
/mi5^ CO life cooditions ^^^onxts largely upon learned capabilities • 
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A major^ssue in developing science curriculum materials about 
human behavior is the lack of a "dclistic science of human beings. 
There is no theory to guide the Azudy of matters concemec vith the 
veil-being anc* su'r-.^ival of hum;=fckind. There is no single discipline 
that can properly be cal;^d the science of human beings. There are^ 
hovc-ver, a number of disciplines that can be classified as "human 
sciences," some of vhich are relatively nev* A fev of the£;e fields 
are hxm^v- , urban, and social ecology; human engineering management; 
biochemistry and biophysics^y^ psychobiology ^ psychochemistry , and 
enyironmental psychology; human biolog\'; biogeography; human paleon- 
tology; physical and cultural anthropology; experimental and social 
<^5jy:hology ; sociobiolcgy ; b!^^:thics; archeology; ' ethnology; human 
physiology^ genetics, anatomy, and medicine; sociology;' evclutionarv- 
history; plus a long list ci related fields (for example, linguistics, 
economics, political science, philosophy, religion) • In one vay or 
another all of these disciplines harbor information relative to "hxrnan 
behavior, and in varying degrees any study 4f h-jman behavior overlaps 
a range of these disclpliiies- - Human behavior emerges from systems of 
responses: it is cot::;plex, comprehensive, multicausal and interactive. 
The curriculum task is one of getting it all together: a task of 
selecting relevant con^^epts, as uell>. as developing a synthesis, 

A ss^aningful presentation of *human behavior requires that it be 
taught in an integrative rsode and in a transdiscipiinary context* 
Opportunities must be •pro\^i,^r:d for students to experience concepts 
shared (for exa^^pie. biological And cultur^Sl evolution) by several 
disciplines. Vhat is sought is unity Ir- the study of human behavior, 
yhat exists is an aggregar^^ of separate^ concepts vith discipline 
labels th?it need to bo br^^ug^.r into an integrated curriculum frame- 
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No one has yet developed an accepted classification of human 
behaviors- There is agreement, however, that human actions have an 
Individual and a social dimension and these interact. It is recog- 
nized that every Individual is genetically unique, not only from all 
huxaans nov on earth but those yet to be born* Each person interacts 
vith the natural environment and social milieu in ways that are dis- 
tinctive and which vary in time, context, and perceptual development, 
For^ these reasons we may never have a "^dely accepted taxonomy of 
human behaviors. 

Biologically, culturally, socially, and philosophically the 
conditions influencing human behavioral patterns are greatly affected 
by the part science and technology (and its handmaiden industriallza- , 
tion) play in our lives. Without some degree of scientific, and 
technological enlightenment, it is not likely that a person in cur 
society can successfully meet the contingencies of modem living. 

Society and culture change, creating ever new demands on human 
actions. Under these conditions himan behavior must, if it is not 
to be rialadaptive, possess an element of plasticity. A few of the 
cultural shifts which currently call, for new behavioral patterns are: 
changes in family st;ructure, urbanisation, industrial automation, 
longevity, world economic and ecological interdependence. - Failure Ji^c 
recognize change or inability to respond to it results in conftision, 
frustration, discourageinenr , apathy, loss of confidence, a weakening 
of self-Image, loneliness, and hopelessness in young people — all 
maladaptive responses. _ 

The growth and development of the individual as a biological and 
social orgapism is also a form of change which influences how human 
beings respond and cope. As ve mature biologically, cognitively, and 
affect i'vely our perceptions of people, society, and the world ibout 
us changes and so does our behavior, What is appropriate behavior 
for a child is not considered responsible behavior for an adolescent., 
and adolescent behavior differs from that of adults.^What is appro- 
priate behavior at any phase of developm<±rft is influenced by\the 
interaction of biological factors, cultural forces, social norms, 
le.c^rning, and perceptual insights. : 

If we wish to study human behavior as it really is then we cannot 
avoid moral and value issues- rsuman behavioral responses are inter- 
preted as good or bad, desirable or undesirable, cooperative or anti- 
social, ethical cr unethical, moral or immoral, either for the 
individual or for society. The same behavior may be acceptable in 
one culture or subculture but not in another. Aggressive behavior 
is vieved one way in war times or in competitive sports but differ- 
ently in other circumstances. Laws, customs, codes, sanctions, reli- 
gions, and norms exist to interpret the acceptability of human actions 
There are times when people nc-^d to define new sets of values. 
Cxirrently ve are faced with rhl-^. problem. Bioethlcs has become a new 
field of study and the questions being raised affect all of us. 

The decisions (choice of actions) people make are influenced by 
the values they accept as well as by the knowledge they possess. 
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liking decisions is a major way human behavior is expressed. Valifl^and 
' reliable decision-making processes thus become a major component in 
teaching human ^behavior. The cognitive skills required for rational 
decision making differ in. many respects from those of scientific inquiry. 

^ The complexity of human behavior is undoubtedly a factor in its 

neglect in the school curriculum at the precollege" level. Another 
r II fill. tmiiSjfi^ multidisciplinary nature which m^ikes It difficult to 
assign a place in the conventional curriculum. A third factor is 
that the scientific study of human behavior is only a few decades old 
and then only recently has generalizable knowledge started to emerge. 
Not -the least of these factors is the science teacher *s feelings of 
Insecurity about his ser.^own knowledge of human behavior. This situik-r 
tion arises from ccilege and university science courses taught as 
"pure" disciplines, neglecting the' humanistic and social ramifications 
of the subject matter. Only by accident is a tea^::Iier likely to have 
even the minimum nun'bcr ci courses from the range of disciplines that 
include the elements cx human behavior. \ 

The study of -behavior has more roots in th^ biological sciences 
than in the. -physical sciences. While the study, of animal beha;/ior 
has been a part of elementary and- secondary school science for a 
century,, the teaching of human behavior has been avoided. ^ Modem 
social studies programs include aspects of human ^behavior, particularly 
those topics with a cultural relevancy. The fastest growing subject, 
in terms of offerings and enrollment in high schools, is psychology. 
Psychology courses typically include generalizations about individual 
human behavior but neglect social behavior. Sociology, seldom taught, 
focuses on the group behavior of people. Literature, business, health, 
economics, political science and philosophy , courses typicaj^y include 
topics on someVftfiase of human behavior. Because we lack a science of^ 
human beings (only beginning to emerge), human behavior is everybod^^'s 
curriculum interest and, js it turns out, no one's in particular. /-The 
student never sees the "picture" of what it means to be a human being 
or zo leam in any coherent manner how people adjust to reality* Until 
such time ^that we develop a generic curriculum for the elementary and 
secondary schoo*ls, the scientific study of human behavior could 
properly be a part of the science curricultm. 

The behavior of organisms has long been a part of the elementary 
and secondary school science curricula. Human behavior, however, has 
not been taught directly. The emphasis has been on analogies between 
animal and human behavior based on data from" observations of rats and 
chimpanzees. And this is the issue: Human behavior is not like that 
of sub-human species, though similarities exist. Fott instance, depri- 
vation of normal social experience during early life affects the 
normal development of human beings and of some animals > but not of 
others. Because of language the adaptive behavior of human beings is 
cxjmulative. Other animals^ including our closest relative the chim- 
panzee, know little more than 10,0X)0 years ago, and their behavior 
is little different. Behavior is not predictable across species nor 
docs an environmental condition bring about the same response in all 
animals. The spectrum of human behaviors exceeds that of all other 
animals in number and character. 'Human actions are more variable > 
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less predictive,- and more adaptable than that of other animals • Exper- 
imental studies of animal behavior are important for the hypotheses 
they generate for exploring human* behavior. Any meaning for human 
actions, however, must be validated in a htnnan context. There is a 
value in . teaching the behavioral characteristics of a vertebrate and 
then showing how culture added to these characteristics differentiates 
corresponding human behaviors. Human behavior is unique among animals, 
^ • . . ^ - • . 

Leamii^ about human behavior is jaost..jneaningf.ul_ when, eixperienced ^ 
in terms of real-life problems and issues. This suggests a curriculum 
organization based on current science/social problems that students 
can investigate as participant observers. In this way the student \ 
becomes aware of his own behavioral patterns and recognizes ^he .f, J 
diversity of respons^ among his peers, other ag3 groups, and stj^^r-^y^ 
cultures. At the' same time students gain experience in value clar^fi-^ 
cation, decision making, and how scientific knowledge can be applied 
to human affairs. 



SCIENCE-RELATED TOPICS IN HUNIAN BEHAVIOR 



A representative sampling of science courses, curriculum projects, 
science textbooks, and articles on teaching human behavior at the pre- 
college level provides a list of topics now being taught. These topics 
have^sbeen grouped about as they appeared in the literature with some 
overla^yping. Omitted from the list are nonscience-based topics about 
hxman behavior such as those emerging from religion, philosophy, 
economics, political science, and those more purely social in nature. 
Also omitted are topics exclusively from primate behavior studies 
where human actions are not the direct focus of^ attention. The list- 
ing should be regarded as just that and not as a course or module 
outline for any particular grade level. 

I, Nervous system and behavdLor 

A. Autonomic functions 

B. Central nervous system / - 

1. Learning 

2. Thinking ^ - . 

3. Habits 

4. ^ Memory and forgetting 

5. Artificial intelligence and computers 

C. Sensory responses 

1. Sensation (sensory structures) 

2. V*sual%and auditory development 

3. Sensory deprivation 

4. Perception (biological and cultural factors) 
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!!• Biological rhythms 

A. Sleeping/waking cycle 

!• States of sleep 

2. Sleep deprivatioa , • 

3. Dreaming ' ; • 

B, Kypnosis 

III* , Groxrtih and development 

A. Biological 

1, Infancy 

2. Childhood 

» 3. Adolescence 

4. Adulthood Cmaturity) - 

5. Aged (senescence, senility) 

B. Experiential (cognitive, affectivel 

!♦ Social 
2. ' Cultural 
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C. Development of self-Image Cself-awareness). 
IV, Chemicals influencing behavior 

A. Biochemical changes within body 

1. Hormonal control of behavior^ // 

2. Mineral deficiencies and excesses 

3. Chemical additives Zo food ^ 

4. Protein deficiencies . . 

B. Psychoactive drugs 

1. Sedatives (depressants) , ^. 

2^ Tranquilizers -^.'^-r^' ^■ 

3. Stimulants, energl'zers (amphetamines) 

4. Addictive drugs 
' - 5. Hallucinogens 

V*. Biophysical environment 

W^.' Behavioral adaptations to climate and geography 

B. Environmental cycles influencing behavior 

C. Environmental pressures (population density, depletion of 
resourc es , po Ilut ion) 

D. The designed environment (human habitats, architecture) 

E. Physiological efficiency (health) 
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VI. The natural history of human beings 

" A. Biclogical evolution of behavior 

. Cultural evolution of behavior (cultural patterns) 

C. Social norras, rules, roles, etc. in behavior 

D. Social organization (people as groups) 

1. Family, >eer groups, gangs ^ 

2. Adaptive rituals ' ' [ 

^ 3. Sex roles X 

4r Shared behaviors 

VII • Science, technology, industrialization 

A. Effects of goods and services on behavior and 1 i styles 

B. Changing family life pattevTxs 

C- Blxirring of differences in male and female work patterns 
D. Human-factors engineering (bioengineering) 
• E. Behavior patterns in nonindustrial societies compared with 
high technology countries 

VIII. Motivation (factors) ^ 

A. Physiological (pain^ fear, hiltiger, thirst) 
B* Learned motives (urges, drives, sentiments) 

C. Species maintenance (sexual) 

D. Gender factors and culture . \^ " 
IX. Comunication 

A. Verbal (language and human evolution) 

B. Nonverbal (gestures, facial expression, posture) 



X. Personality 

A. Socialization (enculturation) 

B. Physical/social environmental factors 

C. Coping behaviors 

XI. Bioethics 
XII, Maladaptive behavior 

A. * Errors of metabolism (protein deficiency, obesity, PKU, 

epilepsy, albinism) y 

B. Retardation (causes) 

1. Neurological 

2. Biochemical 
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3. Chromosome ixnpalrment 

A* Trauma (birth, disease, accidents, strokes) 

Abnormal behavioral factors - , . 

1. Neurological 

a. Disturbances In sensory input and motor output 
bp Brain scars and epilepsy 
c» Lack of oxygen 

d. Genetic (PKU, Down' s -syndrome) 

e. Microorganisms (meningitis, syphilis, sleeping sickness) 

f. Hormonal OParkinson's disease) 

g. Degenerative (senility, multiple sclerosis) 

2 . Psychological Cneuroblological) 

a*. Neurosis Canxiety, depression, hysteria) 

b. Psychosis (schizophrenia) 

c. Social (stress, poverty) 



INVESTIGATING HUMAiN' BEHA'^/IOR 



The methods for studying human behavior, while scientific in 
approach, are not typically like the classical experimental techniques 
used in science laboratories. Human biological aijd culture diversities 
limit the extent to which precise definitions, exact measurements, 
repllcable findings ^nd non-biased explanations are possible in 
behavioral studies. 

In the human sciences there is always the question of whether data 
obtained under laboratory conditions can be applied in principle to 
relevant nonlaboratory actions. The results of experimental studies 
of physiological^ processes, sensory responses, skill learning, and 
psychochemlcai effects on body functions are examples of research 
translatable outside the laboratory with dependability. Studies of 
stress, attitudes, social roles, emotional responses, motivation and 
other culturally related factors are typically not translatable. 

0 

People live as they do and do Tjhat they do under circumstances as 
they now are. / These are the conditions of the real-world laboratory. 
Direct observation under natural conditions and without the subjects' 
knowledge of the investigation is one of the most useful ways of study- 
ing human behavior. The investigator may function as a participant 
observer (a member of the "gang") or as a detached observer (reacting 
to a "mugging" on film). In both Instances information is gathered, 
ordered, and conceptualized. In both the hard sciences and behavioral 
sciences the methods and tools used for seeking information'^ on a 
problem vary with the^- characteristics of the problem. Some of the 
Information gathering techniques in the behavioral sciences in addition 
to experimental procedures are: " 1) case studies; 2) surveys and samp*^ 
ling; 3) interviews (opcn> structure depth) ; ^) tests and inventories; 
5) records (medical, school, employment); 6) artifacts and tools; 6) 
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questionnaires; 7) self -inquiring; 8) content analysis; 9) verbal 
reports or testimony; 10) photography. Much of the information one 
learns about hitman behavior comes from directed "people watching/* 
and lots^f it. 



/ 
/ 



RESOURCES 

Curriculum Materials 

Federal agencies and private foundations have supported various 
curriculum development group's to produce materials on human behavior. 
Most of the projects were financed after 1965 and represent the 
**second generation" of curriculum development. Completed or experi- 
mental materials are available at all grade levels from preschool 
* through high school. The authors of the different modules present 
.their spiecial orientation toward the study of human behavior; howevei:. 
In varying degrees each has used a transdisciplinary approach in 
^designing instructional materials. The projects illustrate the possi- 
bility of a sequential and hierarchical organization for a curriculum 
theme based on human behavior. " 

\ ... 
ExploriJ^g Human Nature ' ' 

. . (Education Development Center, Inc., Cambridge, Massachuset 

A transdisciplinar>' curriculum for '11th or 12th grace using 
recent data from the biological and social sciences, focused 
upon developing an understanding of human nature and human 
behavior. (NSP financed) 

The Human' Behavior Curriculum Project 

(In development 1977 Carleton College, Northfield, Minnesota) 
A series of modules for high school incorporating a scientific 
approach to the study of human behavior. CNSF financed) 

Biomedical Interdisciplinary Curriculum Project 

(In development 1977 Leonard Hughes» M^D., director, Oakland, CA) 
Unit IV. ''What Influences Human Behavior?" The central concept 
of this unit is the impact of social influences on behavior; 
includes attitudes toward drug use. (NSF financed) For high school. 

Exploring Childhood 

(Educational Development Center, Ncvton, Massachusetts) 
A series of modules on huaan developaenc and behavior in which 
older students associate with younger children In various con- 
texts* (NSF supported) For junior and senior high school. 

The Scho ols Council Integra te<j Science Project 
(Longmans^ Essex, England) 

"Human Behavior" 'is one of the topic books (units) in the SCIS? 
curriculum for high school. It includes descriptive material 
on a range of -topics about hunian behavior* 
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Schools Cornell IntegratAi Science Program CEn^^and) 
CAvallabie throuj^ Penguin Books, Baltixaore, HD) 

":>clence and Decision Making" is ar, independent oodule (topic book) 
in Che Schools Cotmcil Integrated Science Project (SCISP). The 
author (William Hall) uses six case studies in science "to illus- 
trate the many decisions chat have to be taken on the ^balance of 
probability*." Designed for secpndary school level* 

Dnlfled Science Program 

(Educational Research Cornell of Aiaerica, Cleveland, Ohio) 

Perceiving Mj? World" is a cransdisciplinary unit designed to 
assist scudencs in exploring one aspect of human behavior. For 
grades 7— 10* The use of instruments to extend the human senses 
is enqjhasized, A second unit, "It*s Time fcr a Change," is 
designed to develop an awrareness of and adaptability to a changing 
society. 

Constructive Resolution of Aggression-Producinjg Situations 

(A curriculum project cooperatively developed by the .Lakewood 
Public School System (Ohio), The Education Research Council of. 
America (Cleveland^ Ohio) , and The Ohio Stata Department of 
Education.^ 

A developmental curricultm co help young people acquire an under- 
standing of 1) the complexity of human behaxdlor, 2) the ns:>tiv2- 
tions that may underlie various forms of abuse behavior, and 3) 
how to resolve daily frustrations const rucri\'ely^ Teacher and 
student materials available for the programs at each educational 
level. 

"The yfodel Me" (Senior High School) 

'^Dealing with Aggressive Behavior" (Middle School or Junior Hi^.) 
"Dealing with Causes of Behavior" (Grades 1-5) 

Human Sciences Program 

(Biological Sciences Curriculum Study, 3c older, Colorado) 

Behavior is an experimental nodule in this program and includes 
activities inx'olving both human and ai^imais* Tvo other taoduies 
in the program. Rules and Perception include activities designed 
to develop an awareness of human behavior * patterns and their 
significance. (NSF financed) For grades 6-9. 

Project Social Studies Curriculum Center (University of Mdnnesota) 

Unit I: "Man*s Behax'ior, the Physical Basis,** a ^osource unit, 
for grade 7» on hunan behavaor with an emphasis upon bialogico.1 
factors. (USOE financed) 

Man: A Course of Studv 

(Curriculum Development ^Associations , "^Tashington^ D.C.) 

A series of 60 units in which children ciompare animal and human 
behavior and also cultur^a differences in human behavior. The 



central thcoe is **What is hinsan abouc hiymaa beings?** For grade 5. 
(NSF financed) 



Social Science Laboracory Units 

(Science JReseafch Associates; Oiicago, IL) 

A series of grade level units -(grades on huraan behavior. 

^ (USOS financed) 

Anthropology Curriculuis Project 

(University of Georgia, Achens, Georgia) . 

"Development of Man and His Culture" (Grades 2 ^and 5) 

"Ciitzxral Change: >Soderniiation and Industrialization^* (Grade 6) 

•*Life Cycle" (Grades 7-9) 

The materials are designed, to* provide a cross-cultural study of 
behavior* (USOE financed) 

Hunan Behavior and Potential 

(Educational Research Council of Arierica* Cle^^and, OH) 

A series of pupil units and teacher handbooks on hxsan behavior 
for each grade level fron preschool through grade six. Separate 
Teachers^ Course Sooks and Readings in H:rr*i?.n Behavior have been 
developed for use by teachers at the elementary school and the 
secondary school levels. 

Audiovisual Materials 

Ihere are literally hundreds of filts or slide series vhich deal 
with hurian behstvior for use in schools- It is net i^ussible to describe 
each series but infortiation; is available fron corrrercial distributors 
and xaost university file serx'i.ce centers* The Educational Developtsent 
Center (Mewton^ MA) has produced projected caterials for'the curric;ila 
it has designed. Other sources of filsis* (a representative list) on 
huisan behavior are: 

BFA Educational y^adia 
2211 Hi^*higan Avenue 
Santa Monica* CA 90^? 0^ 

McCrav-Hill riir:s 

1221 Avenue of the At^ericas 

Kev York, K^' 10020 

Science and Mankind » Inc> 
l\i?o Kollanc Avenue 
White Plains. NY 10603 
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A Selected 'Bibliography on Huaan Sehavior 

The eiaergiag ''<;cieace on htisans" Is essentially a new discipline 
whose roots lie in nany discipl-ir.es. ' Its rjevness consists of efforts 
to bridge these* fields and' to recoaceptiialise the relevant kxiovledge 
frota each to forts a unified discipline of *'hi2san sciT-nce.*' The liter- 
ature on "huzsan science'* is expanding rapidly as vriters seek to T>lace 
th€tir specialty in a broader context than rhat of a single discipline^ 
One who wishes to be inforaed aboct the *'new ooveoent" sur^ real widely 
but selectively. 

The bocks in this bibliography provide a background for tTie copies 
that are coaaoniy foimd in a science ciurriculua which incltxle^ the study 
of htean behavior. The list Is not intended to be exhaustive, but 
rather the reverse^to provide an o^-^rview.. Kost of th - books are 
available in paperback editions. 

Aronson* E. The Social Anitaal C2d ed.). San Francir.co: ^. H. Fveeaai^^ 
197o, [An exadnarion cf the relevance of sociopsycholo^lcal 
research in terns of riajor ^roblets besetting rancenporary society. ] 

B<:velson^.3. ind G. A. Steiner- Hursan Behavior: Ar- Inventory of 

Scientific Findings . New York: Harccurt Brace, and^orld, 1964, 
[This bock 1> a classified inventory of research '"findings** about 
husnan behavior that are generali^-ablc and for which there, is .i 
good atxsunt of scientific evidence.] — 

Brown;, R. and R.. Hermstein. Psychology . Boston:. Li:,tle, Brown and 
Co.^ 1975. general psychologj^ introductory textbook organized 

around proble:=s of ccrr^on interest to college students rather than 
seeking; to present a cr*i£ied theory of psychology.] 

Cnappie, £. D. Culrure and Slol:>glcai Man: £>:pIorations in Behavioral 
AnthropoloiT- > New Ycr.<: Hifit, Rinehart and Winston, 197'). [The 
book has ~ A^r;:.ig biological focus in considering such dissensions 
of culcur v : the Interplay, of environisent and technology^ and the 
itrrport' of cooperative hunan actions-] 

Cohen» Y. A. (ed.). y^n in Adaptation: The Biosocial Background 

and Han in Adaptation: The Cultural Present (2d.ed). Cnicago: 
Aldine^ 197-''';. [The two voluraes provide a systeisatic overview of 
the biological, social and cultural adaptations of tiaa in his 
eaergence and evolution. ] 

3arbacii, J. M, Ced.). Science for £oc: cty* A "^ibliograghv^ (-Sth ec). 
Wiishingtcn^ T-C: nsx^rican Association for the Advancecent of 
Science* 1?76- [The besc single source of references to the cajdr 
scicnce^society issi^es about which all socially and niorally 
responsible individuals nust soon or later cake decisions.] 

Doby» J. T. ; A. Boskoff; and . V. Pedleton. Sociology; The Study of 
Man in Adantaclon - L'?xLn:;;con. M^: D. C. Heach, 1973* {An over- 
view nf husnn social behavioT^with an ccnhasis upon concepts of 
knowledge, t.-?rhnoicgy, organicat ion^t^ v^nd ideology in the context 
of huioon adaptacian.^ 

Si 



Elsettberg^ J*-F. and W. S* Dlllioiv <eds*). Man and Beast: Coigpatactve 
Social Behavior ^ Siaithsonian Annual III. *i?ashiDgconi DCr Saich- 
sotiiatt Inscicuce ?r*»ss» 1969, [A syssposiua 'report on the origin 
and. basic saechaaistss of social behavior in aniaalsf and nan,} 

Cel<itt» fi* 5*; Varenhorsc; aad Carey. Decidin g (Stcdent book) 

and itecidins; A Teacher^ s Guide > ? rlnce5:on» - NJ : College Entrance 
Kyaal n at ion Board , 1972. [ Decidiu? is a course to assist Junior . 
and senior high ^phool students in how to Bake weli-inforaaed and 
vell-^ocdid£7ied decisians about theaselves,, their education, and 
tbeir future* 3 

Hilgard, £. S. ; R» C. Atkinson; and L: Atkinson, Introduction to 
Psychology (6th ed,)» Nev Iforkr ,Harcourt Brace Javanovlch, 1975, 
(An overview of psychology vith an ecphasis upon 1) the biological ' 
and experi aen zaX ^ and 2) the personal and social aspects o£ hussan 
behavior, 3 

• • 

Hlnde, R. A, Biological Bases of Hunan Social Sehayior ^ J^ev York: 

HcGrav-»Hill, 197^. [The author -examines a;iiaal behavior and i ts 
relevance xo husian behavior and then, for 20st of the book^ enplciresr^ 
^ ^"^^^ects of hunan socfal behavior*] 

J<irgensen, J. G. <ed»}* Biology and Culture in ^^dem Perspective^ 

Readings fioa Sclentiiflc American ,, San Francisco: E. Freepsa^ 
1972* [The articles are selected to present an overview af> 
explanations abcuc the origin, biological variations, ^as^l social 
development of nan, 
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Potter-, Van R* Bioethics: 3rid^.e-tp the Futur e^. Engle^-cod Cliffs,. 
JO: ?rentice~Hall. 1571, [The author explores the relation 
betveer* ethicfal values and biological facts and the sacaning' this 
.relationship holds for dealing 'Vi!::h presentday 'bic-^social prob^etss.j 

Prosh^nsky, H. M« ; H. Itceison; and. L. G. Riviin (ed55,)- Eaviroa- 

Dental Psychelogr^-: Man and His Physical Secting , New lork: Holt^ 
Rinehart^ Wiaston> 1970, [A selected series of papers dealing with 
the relationship between behavior and the tLatt-defined environaent • 3 

Reynolds, V. The Biology of Hcruip Action ^ San Francisco: ?f. Free- 
aan^ 1976. j7he author uses a biological frac^e of reference to 
relate cultural and noraativfe ideas and discusses their meaning 
for understanding htrr^n behavior*! ' - 

Roe; a* L. (ed.)- Anthrppologr.- Tocav , Del Mar, CA:- dRM Books ,19 71. 
[An introducccry anthropology t; xi^cok vith over thirty contribut- 
ing writers emphasising a hoiis .^ipproaoTi to the stiidy of huaan 
conparative behavrior* The book is not a collection of articles^.] 

Superka* 0. ; C. /vhrens; Jc £. Hedstroct; L. Jo Ford:: and ?. L* - ' 

Johnson (eds-)^ Values Educatio^ Sourccbcok r Boxilder, CO: Social . 
Science Education Consort lut3» 19 ^6^ jSunriarlsfes approaches to the 
teaching oi values and reviews a vide variety of educational 
cacerials dealing directly with values and value issues. The book 
also includes an annotated » classified bibliography of over ^0S\ 
citations on values education Datcrials- } . ' 
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Bcrtalaaffy, Ludwir. von. Robots-^ y^.. c^r.^i Mir.cs: Psvsbaiogy in, the 
>todern World , tlev York: X^.. Sraiilica, 15 »7. ' . 

Boulding, Kenaech E, Tne MeaGln>r. of the 20th C^*x^t^stv: -The Great 
Traasition . !Iev York; r:;2r?t>r, Colophor Boo;c3v 1965. 

,, ^ - ■ 

Mead, Margarcaik. "TOfvards a Husan 3clen.cc/' Science ^ Vol- 19V^ No. 
4230:903-509. 1976. x ■ - 
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Concerned v-i^^h Sdiojcziar: arc Ir:j:dcquaze. The statist cit^ in 
tkia paper are fri^^hteyiirc. Williar^ y^':fcr hzs L'rztten a Vii^ry pcve^-'ful 
papei^\ ~ In his ^J^crds:'^ ''I hx^Je tjrittc^^ thic art^l<^ in i^ep-cn^e to 



the fccti^ of edu:yatCoK but tce^ crc '^.ot ccuzppec: tc coicKter 

zchool e^jszcrt cr'st::r.izcd c:r.Zr:lsex <cucczic^.- 
\o r:.c the greatest ccrrj^icc z^-^z could s-o acc^c^tiehed^ 
> t'j tc z^TCvidc Clich d'nrzcniti-Z'K tc be co^rTrz^-i^ated. 
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SEX EDUCATION 
yniiac: V. Mayer 



backc;hou>s 



In the process d: cturric^lu-::; developr^enc^ aeeds assessr;enuS are 
required in or^ier to de::;cnsr:race zhe necessity for the introducticn of 
ne-J tsaccrlal into a given curric-jlur:. But vhac of :sacerials currently 
in Che curriculur:? -rnat does observacion tell us abcuL chei;: effccr-ve- 
tie^s? Are they -veering the needs of co^ay? Curricuiur;^- center: c is 
T&ced of continuing assesscsent . If curriculua coatcnr is to be changec^ 
Chen evidence stist be present ed that such coinage is necessary* This 
paper considers detsonsr rated, need for expaisdlrsg current sex education 
progras:s atd che daca here presented support the thesis that sex« 
related infort:aricn is needed. Secatisa of the controversial nature of 
sex education and its role^ science educators, teachers and teacher 
tr^iitters crasi have significant data at hand to support the need for sex 
education -znd lo coxsnze't anti-sex-related information pressures. 

In addition^ however, sex education prcgracss cust b; evaluated tc 
^/Sure that they are dcin? an -adecuate- job. >tany schools, \mcer one 
^rjc or -another, of fer infomarion concerning sex but c ^ser-v^ation nas 
led to the fortLlation o: rhe hyporhesis th. current programs of rex 
education for Anerica^s youth ^are inadeq-cate ther because they do not 
r^^ach those needing the infcn::aricn or they do not ecrphaslze the con- 
cerns of the tar^;^t population. If this hypothesis is correct^ ^haz 
evidence is r-h ere <.o support change, in our current approaches to sex 
education? The folIo-vLng data^ are presented regarding th^ effective-- 
ness of curr?^n: sex ediic^itlon progratis both •-•ithin and v Thouw the 
currlculus veil /^<: for use as irvdicators or neec by vhich to direct 
future effcrcs In se>: od^^ca: Ion. 



^Iie data in chis paper not other-rise credited are fros Chapter 3* 
Sex £ducatio:< v by Willia::: V. y-aver, in the '*5icio.?r'" Teachers' Handbook," 
15?8« John Viley ^nc Scns^ Inc., Nev York. 
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As evidence of the role se:<u.^J. acr^l^dry h^:- c3tze'];fc have ir. hcaltV. 

but often use the ter^; :>exuall,y t rar^stiLtted dlsoa^cs {STD), There are . 
at least separate di^e^ses ncv xdenclfied as being sexually trans- 
altted and they h^ive exploded into a vorld-vlde eplderiic. For just one 
of thcse^ Dr. Bruce Vebstor of the Ncv York Hospiwi of the Cornell 
University Medical Center said: 'The public vould panic if any oth>ir 
disease were advanK^Tig at the rote gonorrheas Is'* (Siakeslee^ 1975). 

It is esriruit'. that if venere/il disease keeps clidblng In Los 
Angeles at t>-^pre>;u-''; t rare, fuily one in five of the city's present 
high scAi^lstucents vill have contacted either ronorrhe^ or syphilis 
by the ti^ he/she gradu^te-i As infecclous cit^^^?^es, s^- phills and 
gonorrhea are . ^t-r.i^nkea in incidence only by tr^e ccrt^on cold. These 
venereal disca:r>'>s are nov first arong reportable cotrrunicable diseases- 
The nwber of \'^^fxses reported each year exceeds the -number of c^es 
of strep thro^,^rf\ scarlet fever* Deasle^, tiussps and hepatitis con5>ined* 

in estitnated that SQO.OOO Ar^erlcan yorsen have gonorr^^^a but don't 
know it and can eaKily pass It on to sex oartners. There vere 374^151 
new- cases of gonorrhea reported in this countrv in 197*^* the highest 
in 55 years of recordke^^p Eeca^j^se or.Iy ^ fraction c-f the cases arc 
■reported, it is ^:st:tiat»^d thct :?*.nnorrhec infects 2,5 nlilion Ar:iericans. 
A flvc-ycax avera;;c in Colorado : eonorrhea vas 5,3c7 new cases ^ 
annuai:i.y; for 5;/philis, 3^3 new annually- These rtstistics also { 

Indicate thai venereal disease is* or prir:;arily an ad'ult phenor::i2non. 
Persons 15 through 19 accour-ied : r nearly 21 percent of the go-.orrhe.:^ 
c^ses in Colorado and a little rx^re than 5 percent of the syphilis casos 
reported n 15?5. Only 3 percent of the ents treated in St. 

Louis ^linics ver*? prostitutes* ''Prostitution not vhere it^'^- at 
with TO/' says kotcr- M. Nellis, an investigator vith the 3an rranclsco 
Citv Clinic, '^It's J-:.^nnv T:ext door and Suzie -^o the street'' C>>-sveek, 

' ) ■ 

There arc a half rlllicn Arrerlcans vlth -jntreat/a. syphilfr; today 
and this year thej.r ranks vlll be' [join'Sd by S3,00C r^e*-; cases. Data 
indicate that s.trikes hardest in the clti/s. There are I2j5ra.^.e5 
of syphilis for ev-^ry 100.000 persons n^irl(:^--'^:de. • Sv:t5 Ne--'--?^ -^^nk<: 
first acion? -:ities/-ith 12; per lGO>rOO^ folic' -2d by Atlanta and San ^ 
FrAncisco* For gonorrhea, the national c'r.e rate is 30S :^er 1C<3->COO 
but in Atlanta zhe Incidence is an astronorlcal 2,52' p*^ 100,000^ 
and in San FraiciH^co 2/067. :^ully 6 ^ejrcent of^the vor:en having 
babies at one rtajor hospir.al iV,, Ahfeeles_^>^ rc^norrhea. It vould 
be unfair to indicate t^at this ::^'=^t: a "cicv probien* Reported 
gonorrhea tases^ cis-^dri:pled betv^?en ;l569 and 1970 in Arlington, Vlr>;inia. 
J:\ Prince Geor^,er C-^unty^ ?;ar:/land^ a rr^jor suourb of Yashin j^tor^, D.C.^ 
gonorrhea has incr ,ed five-fr>ld in the last decade. It is particu- 
larly racrpant a,Tong young An^ericans. ' A.t least one in five persons with 
gonorrhea is un^ier 20. In 1971, r»re than 5.000 cases vere found acjong 
youngsters between 10 and 1-^ and 2,000^aro:-^"children under 9. Dr. 
Walter er;artt. Chief of t^^^e Los Angeles County Venereal Disease^Ccnt rcl 
Unit estir^tes that the probability that lndividi:als '-^in ac-^/^ire by 
the^-jrlsje ch!^ are age 25 is about 50 percent.- ^ire^r^week, 1976;. 
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In the third para?;r3ph it vas incic/iccd 'that sexually trans nit ted 
diseases i?^- nurber ; . ye.-: available c.-.ca de&crib^: only 

two, tho classic vencreoil <ii^casev ?,onorrhea and syphilis* This Is 
pritnarlly because lavs require this reporcln?;. so that rnore dat ^ on 
thca are' available* However, other sexually cransnitted diseases such 
as the herpes aispiex '/irus fHSV) of the genitals arc now skyrocketing 
In Incidence, It v<is cstirated that sone 250^^00 cases of HSV vould be 
reported in 1975. In Atlanta* s Grady Meru^rial Hospital about 1 percent 
of the ciatemity cases r,cive active genital herpes Infections during 
their preg:nancy and as :::^ny as one-quartor of these have the infection 
at the titae of childbirth. Present ^dara suggest that if a baby.frotn 
such a patient is not delivered by daeriareon s^ction^ It stands 
least a 25 p^rrcent chance of dying a he^pes^ infection and^ ofj:bose 

who sur*/ive-, about one-third vill have serious cedical problets* These 
data are repoited by Dr, Andra J, Nahnias^ Professor of Pediatrics and 
Chief of Infec: -^^u^ Diireases and lz:r:'*jnolo^/ at Etnory- Medical School 
(Leger^ 1974). ""Ir; addition, pregnant vor-en with herpes type II , virus 
have about thr^e tirscs 3s nany sponcaneous abortions as wor^fen without 
the infection, and there Is a definite link between venereal herpes and- 
cancer of the cervix. Zz one study, vonen vith herpes infections 'were 
shown eight tir^s nore likely to deve'lop localised cer^/ical cancer than 
the control -?;rau^. Six percent of tho votien vho get herpes type II 
infections; will cor.tracr cer-zlxal carreer with in five years, and thi'ri 1:. 
data on just one of zh^ r^uz^ero^^s sexually t ranacr^itted disease??. are 
in the nidsr of an epl:^o-.:: af venereal diseases to vhlch children .^f; 
younz rrin^ ycirs of ^y.: ^re conrributin;; a disproportionate r.hare of 
the data. 
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Childhood ?T e^r;:sr^zy_ 

A second «.ourc-7 or d . .^ that Bjoporzs the hypothesis that our presen: 
aechanisc^ of provlc^ n;;:^ f;cx-r-:ated inf-^^rrsat ion is inadequate is childhood 
pregnancy* Every third - reg:nancy in tne United States involves i t^cn-- 
Tfger. and 30,000 o:- ;>regnancies a-e in girls under 15 yearn. <Sf age. 

Mere than 200.000 teer. ,^gcr5 ^ave birth >ut'Of-vedlock in 197^. In 19 73, 
lilegitir^ate births (>4 /jSZ) in V.'ashington^ D.C. exceeded legitisiiate 
births (4»753) to r::ake it :he first American city in vK'ich this hafi 
occurred. Forty-six percent of thef^e iilegitiT:iate berths were in the 

^'coun-tr;/ occurs in rhe ceena^^.e- population and the nurnber^ are risin;?:, 
Betveen 1971 and 19 74 there was a 12 pe rcent increase in illegit :r.ate 
berths to white .?;irls age 13 to 19 and - 5 percent increase aXiOng black 
teenager?;. In the sar:^e three->year periods lllegltiniate births '.o whij:e 
girls under 13 increased by 32 percenr. , with a 3 percent increase for 
blacks* If not for quire a nurber of ''quickie'' tiarriages to turn pre 
oarital co:.c.cptlons into legitirr^te births, these data would be even «*jre 
gXoosry* T^e^. c \igures also disco'-nt abortiorcS, without which the illegit- 
inacy figures vck;ld rise even hl7.her. A?3lr: in 1975 i'n Washington, D.C. 
the nurnber of aboxtions (9,319)/exccede^ the nunber of births ^9,74*^) 
(Denver Po:;l}. One— third of all aboYcl or^'- involve teenagers (Dennlston, 
1976), ' 

Official*?: of the ?l«inned Parenthood Federa:ion of Arserlca confront 
a disturbing new probler: — how co handle the increasing nurnber of young 
teenagers seeking birth control inforTnatlon- Clrls of 9, 10 and ilyearr; 
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of age rcj^ularly ask /for birt:. control device::. In 197/i» 15,0?}J girls 
under rhe age of reqijfr'; ted help froa the 16S Flr^iTined Parenthood 
medical afflllate5j around tho country — a 25 percent ,]u!np over the 
previous year- The San Francirtico/Alameda , California Office M'^ciical 
Director, Dr. Cerry Oliva, est 5 r^itc:; that 10 percent of the teenagers 
Bceklrtg counsel are 14 or undc^r a*id she says that r;he if; not surprised 
to see 12-yfear-old£^ anyricrc (N%'r*/sweek, 1976). ^ 

ThlD change r:a<i corx about at a r ine when there are aore teenagers 
in the population and when T.eenar:ers ar'c becoming sexually more active 
earlier, 3eca^>ee of better^ nutrition, the age of Denarche is falling 
by three or four :nonths every decade. In 13S0, it was 16-1/2 y.ari^, 
today it is 12-l/2 year?:; thus» there ar^r more teen;^gc years when a 
girl can becori*"? pre;::n<:int and » virh the Kving avay £von early oariiag^e, 
SQore years vhen sh€; cah aavc ::n illegltic;a^e child* 

^ata continnill) ;;hov evcr-increar.ing r^exu^^l activity at earlier 
and earlier ajje?; accosi;panied by abystual i;5norance* An Ann Landerr* 
xolura for April 20, 1975» printed a letter fror. a hi^;',h school senior 
listing the foTlovin^. '*fact5>" circulatin;^ ornon^ the 13 to 18 year-old 
age group: 

1- A g^lrl can ^'/^•t prc^'.n^nt ouly on^j doy out of every ronth. 

2. The flrr>t rlr^e couple ha-^; r.ex the girl can get pregnant, 

but fihr- ; r; ,,rifo thf; ^;ccond or third time the sarae day or 
'-^'vening- 



It i&n*t possibi^- to -get --lT*- than once. The rrjedica-_ 
cures VD get:: l:.'^o the synteTti and zi^iken you 
;r;e for liff. 



^. I f :1 dr>r-nr/t have a clir^ax she won't get pregnant. 

5. It ir>n*t n-';ce-> . : r/ to take the ^plll' reg^^larly. If a 
girl ta/.e^: It ju-;t before ^hc hns intercourse, .^he is 
i; a f e for 24 h o u r . 

^ 6, If a pre?;;na:.t girl eat:; a ler.on "eve r;/ day f:.r Z'^jo weeks, 
»^ she '-will ::avc c: r^.::^carrl age. . ^ ~" 

In 1973, Judith S. ?.uben:^teln, while conducting rese/irc): for a 
doctoral dlsr*ertat 1 on at Harvard, 3.ii:T,iTi'i '•■zeT^^*^^ the «;ex education 
.vocabulary checklist ( Ruben , ^v-^n , i97^^4>. Thlr. ccn:^ . ts of 112 randoiiiily- 
ordered, sex-oriented wordr. to v:iich the student reacts through four 
optio<^5 or <2cgrees of : tere?;: varying fron: "very r;uch" to "not at all'* 
and including ''I don't 'nc;w what the word rean^;." The adni nis trat ion 
of the checklist to ]66 ninth-;^''ade s.tuder,*:^; rcvr-aled the ten top 
•in-rere' t items for both girls .md bo> . verc: . venereal diseaj^e, bir^:^. 
control, sextjal intercourse, love^ pre ^^n^'incy , enjoyment of sex, abor- 
tion, sex offenses, guilt \:bo l sex, an' proTrticutlan. The 11 least 
kno'-m ten^s corrnon to botn y^; and girl:, were: voye^:risn, prophylactic, 
Wasscrrnan test, cclib-ricy, sodony ^^double r,tandard, ^ ::peter, prorrus- 
culty, r:asochisn5fi^^ L\ D, , and t ran:-;ve-;tism. Girls were s:>ore intere^ited 
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than boys lu the reproductive asRects of sexual Intercourse. The four 
top hl)^-interest Itens were: birth control, abortion, pregnancy, birth 
control pill. Boys, on the other hand, were more Interested in the non- 
reproductive: aspects with the top three hi^h-interest items being 
venereal disease, sexual intercourse, and enjoycoenf of sex. Each sex 
displayed an ignorance about ©.ittcrB relative to the other* The least 
known word' unique to girls were: scroturc, nocturnal emission ,^ and 
condoxn. Tue least known words unique to boys included: hymcr*, byste- 
rcctomy, cervix, menopause, and douches. 

These data support the contention t! teenagers don't yet seem 
able to cope with their emerging sexuality. Three out of four unmarried 
pregnant girls questioned in a 1971 study by Drs. Kanter and Selnick 
said they had not wanted to become pregnant, but only 13 percent of 
tliena had been motivated enough to use contraceptive methods (Wcstof f, 
'1976, p. 15). Most of them didn't know what time of the month they 
could becc :e pregnant and many of them believed that nothing would 
happen because they were either too young or did not have sex frequently 
cnouj^. Others said they were afraid of getting cancer from the pill. 
Many don't understand how c;:e pill vorkc. If they forget to take it 
for--ft7ur dayr. , for example, rhey will take four all at once. 



Social- Con5::equences and Re .ises 

The data on the direct results of r^rty^xuxl ignorance, venereal dis- 
eai5C5, and ^teenage prc?';nancics are dif^couraglr.g enough, but there is a 
secondary ind frequently overlooked scries of consequences that impose 
several socini, humn* . and financial burden?; on society at large. 
These deal wlih the cc* nagc mother. Without financial help from parents 
tecnaged mothers are a'^ually dependent on getting a Job but, since they 
have probably not finished school, chances of earning sufficient money 
arc slim. They can get some welfare money from /Id to Families with 
Dependent Children h\it not cno >^h. For many child mothers whose 
parents don't take- o/er the major share of responsibility for the new 
infant, worrier; of money, childcarc, schoolwork, housing, adequate food* 
medical care, and finding available social services, if they exist, ore 
too much. They become saturated with a sense of desperation and alien- 
ation. Rather th..n seeking each other out, they remain aloof and 
tiuiipIcloa&. One girl couldr/t cope any longer and dropped her baby 
down a rwo-fllg;nt scair-jell. Fortunately, he landed on something soft 
and survived- Som<.: mothers just give up and comrdt suicide. Teenaged 
mothers frequently treat their baoles as they trc-ated their dolls, 
loving them one r^ir-^p and chastising them another . They are more anr 
to fjlap, hit, nnd r>ha><; their babies than are more nrature mothers. 
Cases of child abu^;*:, of battered and neglected children, are clor>.:Iy 
related to the -ige of the mother. According to l^ougias Besharov of the 
Department of 'lierjlth^ Education and Tv'clfaro, a major propc-ticn of 
young motliers are re:iponr;ible for a disproportionate share of child 
abuse (Westof^, 19 76, p. 6;). Ti. rc are one million cases of child 
abuse per year. . Of this number about 2,000 end in deaths. 

If a child of a child stjr^.fivos, a study by Dr. Janet Hardy, 
Professor of Pediatrics at Johns Hopkins, provides fuifther discourage- 
ment (Westoff, 1976, p. 63). Her study found that among children who ' 
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were bclou grade level in school, 75 percent had ceenaged mothers. 
In addition, young mothers have more premature babies and more fetal 
and newborn deaths and were more susceptible to toxemia, a condition 
which leads to hypertension and high blood pressure'. 

It Is obvious that the above data indicate a failure on the part 
of society to provide adequate sexual' Information, and the consequences 
of ignorance are written in the sexually transmitted diseases statis- 
tics, the rise in teenage pregnancies, and the unwanted and abused 
children, many of whom become burdens upon society at large. 

It appears safe to assume that no one is desirous of acquiring a 
sexually transmitted disease and that the majority of teenage pregnan- 
cies were not planned even thou^^li some are (Fosburgh, 1977) • By with- 
holding or providing toe little information regarding sex, all segments 
of our society are culpablt. Parents have frequently failed their 
children because of their ovn ignorance or embarrassment and leave it 
to their c ildren to l: iddle .through their developing sexuality as best 
they can. Many organi^-ations devoted to the task find themselves 
incapable of handling the increase in attention required by teenagers 
and pre-teenagers . For example. Planned Parenthood^s literature and 
counseling methods »are prlm^^irily desi>;^ed for adults and appropriate 
material to handle the sexual requirements of younger and younger seg- 
ments of our population Is not readily available. Sex education courses 
in school are frequently ine^^-ctual. Many teachers arc uncomfortabj^e 
with rhe subject matter. la many schools VD is dealt with, if at all, 
in moralistic tomni more suitable to a Chatauqua meeting than to a 
health class.- Outside prcrisure?; negate efforts at relevant sex cduca- 
tion* Dr. Ualter Smartt, Chief of the Los Angeles County Venereal Disease 
Control Unit, says that when a child learns that diphtheria exists and 
yellow fever exists, she or he ought to learn that gonorrhea exists too 
(Newsweek, 1972). But in California, then-Covemor Ronald Reagan vc^ ed 
a bill that would have exempted TO instruction from a state law requiring 
schools giving f;ex education courses to notify parents and give them a 
chance to review the study materials used. The lav had» in effect, 
crippled sex -education in the state but the proposed bil3 would have, 
encouraged TO instruction as part of health courses. 

It is one category of ln5^ult inadvertently to fail to provide 
necesfjary 1 nforr-it Ion , oulte another to deliberately legislate its 
excision. Fortunr:tely , In onlv one ,stato» Louisiana, is there a state 
law (State of Louisianci, 1950) prohibiting the teaching of some aspec ts 
of human sexuality. Tlils law 5>pec i 1 1 cal ly prohibits any instruction 
relating to sexual Intercourse. Hou o Bill 170 (1977 regular session) 
l.<5 de^iifTicd to :rio<ilfy the Current Loi-ii^lana law to allou local option 
sex education if such courses .in: euphv-mlstlcally titled *'Family Living 
and Character Educat icn. ';ir>4-]y» it provides- that teachers of such 
courses mM:;t attend .a:: In-.serv. education program but removes local 
option by jjpecifyln?: tr^at all curricula: niaterlrils must be approved by 
the State Departni-nt education. It contains nr. unusual pejorative 
provision that specifi ,illy prohibits the use of all SliXUS materials. 
This house bill vould plac^^ the decision regarding whether a given 
studcpt would take thi^ course or not with the parents who nust give 
their writ tcri'*^per:-as<; ion. Both the citizens and the educatioaal 
✓ 



establishment of the State of Louisiana have so far acquieeccsd in the 
law's provisions. Reaction to ^he amendment is yet to surface. The 
absence of a legal tost of the law in the courts of Louisiana attests 
to apathy and inertia concerning the importance of sex~related infor- 
mation. Certainly le^^lslative fiat is not the best way to develop 
curricula. It is to be hoped that the Louisiana legislation regarding 
, sex education is an isolated instance, not a national trend. 

With parents unprepared to handle the sex education of their 
youngsters, thinking of their voung sons and daughters still as 
children, the schools hamstrung, and the statistics crying for remedial 
action, what course of action should be taken? Certainly someone, some-- 
where, has to communicate to teenagers and pre-teenagers the potential 
tragedy of unplanned sex and itis harrowing consequences. As problems 
of sexual ignorance affect us all, it behooves all of us to concern 
ourselves with them. This means parents, schools and communities. 
This means educators and medical personnel, clinics anu community 
counseling services working trogether not only to rectify mistakes already 
made, but to he?vp prevent them from re-occurring. Xn Newsweek for 
^ anuary , 19 72, the statement was made: '^Because of the stigma of 
VD, efforts to educate the public about syphilis and gonorrhea have 
lagged about as badly as research.*' This stigma needs to be remnved 
and funds need to be made ;ivaiiable for research on sexually trans- 
mitted diseases in as open and public way as funds are solicited for 
cerebral palsy, cancc-r, or heart disease. Several cities have taken 
remedial steps by having community groups establish telephone "hot 
lines'*' to provide worried callers with advice on sexually related 
matters, particu^lar ly sexually transmitted diseases. There Is general 
agreement, however, th . nastiive, educational effort should be made in 
the schools starting witl* the earliest feasible age group. Dr. John R. 
Pate, Chief of tl District of Columbians VD-Control Division, says: 
"We almost have to beat puberty becau^ie they are coming into the 
clinics so young" and he cited in this connection a nine-year-old 

. girl who had coutra?ted VD Irom a boyfriend aged thirteen (New^^iweek, 

' 1972, p. A7). 

Not only haji re earci* on sexually transmitted diseases lagged far 
oehind restr^rch in more e!;oteric diseases affecting but a tiny frac- 
tion of Our population, but research on the effectiveness of trans- 
mission of sex-re];t :t*d informnt ion is also relatively spnrwo. Wo havi* 
data that Indicate that driver education is a positive factor, in 
setting good driving atuitud^.^ and v;kills. Insurance comi^anien and 
state liccnslnji: bureaus acknowledge in their practices the effective- 
ness of driver education j^rogrnns. The time appear^, ripe for a 
similar assessment of the effectiveness of sex \>ducation program*;. 
For exaa^ple, it would be valuable ^ know how many of the children 
who had unwanted pregnancie*: or coJitracred venereal disease had been 
exposed to 
as to whete 
matters. Fi 

Information solirces, the validity of such information and the role sex 
subscqiit-ntly plays in the life of those exposed to such sources- If it 
could be {'Stal l Ishcd for sex education, as it has for driver education*, 
that children who have been exposed to education prograncs profit hy 
them, then those exposed to aiii-quate and accurate f;ex-related 



wanted pregnancie*: or co«1tracted venereal disease had been 
A k'ortdal course in i;ex education. More fjtudies are needed 
• cll Idren rece ive the 1 r inf ormn , ion on sexually related 
'urotier correlations should be able t6 be establ ished between 
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Information would be expected to hove fewer pregnancies, contract 
fewer sexually transmitted di-^casca and, in general, accept responsibly 
their developing sexuality. These data would lessen the vTaoticnally 
charged diatribes based on the concept that sexual infortaation leads 
to Irresponsible acrion. 

1, ere is no question that our present ystern is inadequate. 
Recoaimcndations have been nade that schools should offer sex education 
and relevant fanily education courses frcn: the early grades on so that 
teenagers and their parenrs, who must tnake quick and crucial decision!.^ 
can at least comprehend exactly what the odds are. We are not doin^ 
good enough job now but» more vilscouragingly . we are not making a 
concerted effort to initiate proper programs that can evolve into 
still tcorc adequate Information liources for larger population segments. 
A ^large measure of the responsibility for Cvontinucd sexual ignorance 
must rest, with groups and indivMuals who, however vnorf/1 and high- 
minded their motives, work to keep sexual knowledge unavailable —a 
puritanical mode of ignoring sexual activity in the hope th^t it vlll 
go away.^ The constant drumfire of the nnr ^-s*>x educationists must 
bear a cons. Arable burden for the unplann^xl pregnancies, the unwanted 
children, an the skyrocketing sexually tran fitted disease statistics. 

We must no: conslv.er ignoring sexu;jltcy or depre xting sex educa- 
^on program:- for jiuch actions do nothing but exacerbate the 
Situation. We shuuld be considering parent-comTnuni ty-school consor- 
tiums to remedy the supported hypothesis that our present efforts to 
deal wljth emerging sexuality nre ^'^ndoqu/tte. New and expanded 
programs that deal with human seXs.ality are needed not only in 
schools but on a community-wide 'basis . It is essential that we reach 
our present target populations with more effective materials^ than 
those who are outside the school population have available; the infor- 
mation that will allow them to avoid the consequences of ignorance 
To those who say sex-relaf ed Informntlou Is dangerous, I can only 
respond that, if so, I prefer dangerous information to dangerous 
ignorance, ; 

SAi^TLE rrvO(Tv\MS 

There are a number of local or regional .iex education proKi^jtns in 
ihe United States but no broad , consequential, national curriculum , 
The fol lowing four ari reprefU*ntativo of the typc^s of programs current- 
ly available: 

1. Cedar Rapids Comnumiiy School Dlstr/ct, Cedar Rapids, Iowa. 
, niE YFIARS Or U iOERTAINTY: EIGHTH CRADZ F.\M1LY LIFE EDUCA- 
TION- Edited by M^ry Carson, et al. Available from 



A case study of anti-r.fx cducaticr. activities is given in Oh ! 

Sex Educati)^! by Mary L^reasted, Prav -i r. New York, 1970. liespitc the 

**cute" tirZc this is a r.criou!^ Job of t>»porting the methods and motives 
of anti-sex educationists u:?lng the rv^latively conservative Ana^heim, 
California, program as a target. 

I 
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Teaching Resource Center, Cedar Rapids Cormunity School, 3^6 
econd Avenue;, S.W, , Cedar Rapids, Iowa :>2'*Qh, Price $5,00, 

A scrips of dally lesson plnnt^ for 29 one-hour class ses^^lona. 
Topics covered include: probletn solving, kijowledgc .md atti-^ 
tudes^ male and female reproductiv^e systems, cone rac option^ 
pregnancy, birth, birth defects, venereal di?;casc, dating, 
peer group influence, etaotions, values clarification, and 
dccisionHmaMng, 

2, Montclair Public Schools. New Jersey, EDUa^TION IN HUMAN 
GROWTH AND DEVELOPMENT. Txio volume^. Spans grades K--12- 
This is a curriculum guide with re::ourre materials for 
teachers, parents, and t;tu<1out;-;. 

3. Portland Public Schools, Maine, FAMILY LIVTNC AND SEX 
EDUD\TIOS CURRICULl^l GUIDE. Grades 5--9, containing indi~ 
vidual^ lesson plans and s^uggcsted activitiea. 

Rochester City School District, Scv York* SCIENCE, HEALTH, 
SJCFm CURRICLTUM GUIDE: UNIT RE\^l5lON FOR FAMILY LIVING 
CURRTCirLU>5 De?;igncd to be correlated, integrated, and 

articulated vith the total educational rrogram,. Incl^tdej!: 
concepts of human sexvlnll^y and provides activities to tsoti*- 
vatc student learning. Five topics are Created at he 
prlr-ry, early intcrn;rdi.**f% and later intermediate lovels- 
They inc^ ado the ind:-.vlduai personality, the family, pc *v:s 
and cnvlrontnent , physical grovth and reproduction, . male 
and female ruallty. Includes suggest tor > to the teacher 
to aid in pr<. cncation of the TOaterinlr ccafortaMy and ^ 
effectively. 



RESOURCES 

Books 

Bender, S. J. V en e r e a 1 I s c n s c . Dubuque^ lA: Villiam C. Ejown, 1975- 

T^lanzav:o, A*; V. F. Schw**TC.*:; aud J- fi« c\ic]t*>.iond . Wu^t Facts Ycu 
Should IC nov. Glenviev, XL: Scott, Forx^^ \:i ind Ccapaiiy, 197f-. 



Child Study Association of /Vnerlca Conference. Se x Educ^^.ticn and the 
>: rvy Moralit:/: A Search for a Meaningful Social Ethic: Frccecd - 
ings . Nov York: Child Study Press, 1966. 

Child Study Assoc! nt ion of vVnirrlca. S ex Education: Ry^cocnacnded 
Reading . Nc^ York: Chllo Study'>ross, 1969. 

* Crow, L. D. a- ; A. Crovr. So x EduerK: I o n for the Crowi ng Fntnllv . North 
Quincy, MA: Christorhcr Fubli !iing Housed 1959'^. 

Dalla , D. M. Sex Educn t lcn In School and 5 clcty : Atlantic High-- 
lands» NJ: Huraanltics Press, 197:-. 
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Educational ftrbaacastiti-g Cor pox al lOft. V.t >. 'Jl ucn, New York: Avcm 
Books. 1973. 

Fischer, H. L.,.et: 5£15_EJiL^^LLl^::I!.J^^^ 

A Guide for r :tren rs. Tenc tuMrs, anvi_ Prc f o<^s;on/iIs . U xac r i-r : 
Universicy Park Press. 197^. 

Cratrns*, \. S< ^x Educnticn: A Culdc ^or TeAChcrr ; nnd Parents . I?^. A*tllo, 

IL: Interstate. 1?70. 

Lexington Socks, 197 3. 
Hottois, J- V. and N\ Miller. g£ x__ v;c a t i on Con t r ovc r . Loxfngton, 

Jchnscn, E. V\ V.J>.i. >*^''^' ^antcin Book-s, 197^, 

. Johnson , V . ?i , 5cx S ducnc lcn an^- f£;anr^. ;. j £,5 of Spoclnl .^rcv^^j:- . S-r 

ficld, IL: C. v"" Thc^:sa^T 19 

"Keller, D. r. ^^^I>L..i!M,J.M„.A^J^iL^^^ Indian;^pc>Ils. ^^cbbs-Mcrvi} I 

CoGi^any, Inc., 197J* 

KllAnJcr, K- Sji^i " 'ii£EL^ A Study - o ^._.O^if'C,tl^;^-s , 

Content. Methcd?^, "^^i .:7r lals /and Evaluation. Rivr-siae, NJr 
Mjacmlll^n, 1?70. 

Krancr-Grocno» J. >>ri£Lrii)/lL'?££l^ Troy, NT: 

WTiit5tr*n»-I976, 

>linnc<:cca Council on F.:i-i^v T?*>: at ions . FAinilv Llfo. Liccrn ture,. and 
rilps • ^ ' ?nrlcrpi; ^c_j:c^?.aTg^ l.ltorntur c an.-! Fi:c::s . 

. Minnc'^.polis. >tN: Minnesota Council on F.^lly Relations* 171? 
University Avcnvic. S.E.^ 1?^' 
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MlnX)T, H. W., ot nl. ^ox 7Ju c;^i irn : T ho ScK-cli^ and tho Churches . 
Atlanta, C^A: John Knox, 1971. 

O.sof5ky, H. J. ? r egn A n : Teen - Ag e v ■ A '^'Icdlcal . Ecucatic -.u^ l nncl Social 

An3lyr.ls. Spring':" io'ld, 11..: C Thc=Lr»s, 1S72. 

Podair, S. Vc-;:-reaI, ni<oa-^ci_2^ a ?Inj:;uo. 5c : -iron t. CA : 

Fcaron, 1971 , 

Tcwc-s, r. and V. B^^skin. ^£?L^il!;^^ 

Nov Vork: rhllc>r^rrhi^'al Library, 1969. 

Rc<;cr?;, R. Od.)- Sex Ed acnt ion : R.Tticnnlc nnd Rcactlv-n , ^Ncv 
Roche' le, NT: Canbridgc Vnlccrsity Press, 197*:, 

Sex l^ornvitic-n and 'education v7ouncil of the U.S. Siodv aul:.:cs . '^'cv 
^^^LTk: .^ilECUS Publication?. 

1ll&crle<i of short na??p!xt*^-5 ^ v.^riety of topics r-latlvc to sex 
Q and reprojiuction available fret:: the SIECUS Publications Office. 
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SinK«r, L. J, and J. Bu^^kln, Sex ^ ?:ducac: i on F lltn: A C^idc^ ro Vj-siu-f l 

A t<tj» ao d ?rv>gr^j^ ^^ N<>w Vo^-ki T*i^ch*5r^ ■Cali*.^f>:., Coluahoa . waiver- 
slty^ 1971. 

t^fslandcr* A- and C- WciH^. Sex Kdac a : i on for To day ' s C\\ ild > Nev 

York: AsiJKOciat loa Pres^s* 19^^* 

WH6 Meeting* Geneva • Fr^^fin.nncv a nd Abort Icn in Acel c<»cencs;';_ _ Rer>o_rt . 
Technical Reporc Scries Nv>. 56 3, Alb.:^n>% NT*-: World Health 
OrganiZACion, . 

Willie. J. C. and Mrs. VJl'tVe. Sex Ed ucari c _ The Eov To For .To a c hers 
Clcclnnati; OH: Hilt:: an^ Hnyes* 1971. 

Visea^n, B. Sex^-^d, NVv York: Dell, i?Tl. 



Miigatlnc?v and Jou rn al--: 

The Fami ly Ccorc^ "^^^ Kaclonal Council on Far.llv Rcl^-^c^ons* 1219 

Unlversicy Avcn..^ S»F,. Mir^nea7>ol is . 55414, 

Jo urnal o f Marriage tho r::tr-i :y> ThcNaCicnal Cc^uncil orv 'Fanily 



Blake^Iec* A. "Sexvially Transr.^ t r^d diseases Riv-e Exploded Ir.co Zpi- 
dctilc^./' Assoclarc d Fr<-5s, Tore Or.c cf tvc-rv.arc ^r^iCo* Frinrc^ 
in Bo u 1 c V Dally C :\ ir. era for August 6^ I?75* 

Breasted. K>ry. O h! Sex Fducarion! K<^w York: Praeper. 15?^. 

DcunlJ:;ion» L. '"Tccn Sirchs an Eplde!:sic/' Denver ?gr>r ~Vashln:;cc n 
Scar Nev5. Rel.ea--c :Drir4tec in the Denver Fcsr .2ccer.b^^r 29^ 
19767) 

Pcrsver ?c<vt . "Abortions In '-\ish in.tr; con Exceeded 1975 Blrih Tctal/" 

A*?. \ev<: Releasee •printed in the Dcn-^st^r s^'i^c (^'ovci^ber 1, 1975.) 

Fo^burj^h, Laci'v, "The >f;:!kc^Bel ie*^ Vorld cf T cn--Age Xatcmi^ry 
SVv York Tines Mag-a- ine , , (Mx^msi 7, 1977). 

Lcgcr» A. ''viral V.^ifioreal Dlsoni^e is Highly Ccnragfous and V',. - ' 
Go Avav /* St- ccr Jcurnal , Vcl . Nc (April 19, 

1974)/ 



Kayer^ Villinr. V. • ychci^ter —Sox Education.'^ Biclory Tcnchet^ \ llar^d'- 
book. N>v York: John VM..-^ and Sons, rnc". , 1975. ' 
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Xev<ivcek > '*Scx .ir»d t^e Young Teen/' (J^*uVvS.\ry , 1976)* 

Ru^cnstein, Juclch S. Ccrsparl^un S^^'tvccn S:.u:!cnt Interest at^u; .look 

Infon».itica in Sex Education for Teenagers. ' Ed*D> dls5<!rc*vticn. 
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GENETIC ISSUES 
Val Wco<^w;l^d Keith Klein 



One of Che lonr.-^stardir.? debates aooag i;clcr^cc teachers Ifv whether 
tc- tjer^h diclcnce i^uch" or to Ci^ach science **wlthln tne social con- 
text/* Thin debate cannot bT ex^'iriined in full here^ but evcu so »e *irRue 
that the kncvlcdpc necet=is.:^r/ tc transpose tjclericific fact.? into^ desired 
social polizix^s . or $:eTMzc5. cr^nnot be found vlthin the technoiogj.*- 
oicthodolos*- paradl^rr: ou: o: vMch the facts arose* For exarple,. ve have 
today a technclo:fr:,--T:2ethodoIoKy* ropularly knavn as g^ne splicing^ %*ich 
frtircits the for::jition no*A?l recoriMnant DN*A r:u>Iecules (rec-DSA). The 
ricthodis are c^i.^^y tc icarr, and technically effective as Judged by^ the ^ 
results, but the octnods do not pro^'ide the vtsdosi whether to raike DJ«A 
hybrids cr zo vhat end . Thcretorc^ even thou^^ the teaching of gene 
-i^plicing- teciLr*i^i;es v-.ll produce technicians^ 'prof icient Iti zmklng re^-- 
EKA, the.rc Is nc evic nee ch'at these cechniciLans will be tsore knovledge- ^ 
able about vhether tC; .:t^ke sucr. rc-Iccule<^, and to vhat end, than persons 

Therefore, In this paper vc adwcai:e that science teaching include 
science vithln the -social context s e.g., science as a socio-political 
resource, I;a part LhL)^ positlcn can be r.^^pported by the historical 
evidence th.i: the cxorci^^e' of de^socr^cy defends upcr. an Inforrurd citi- 
zenry, info roc not only about tne docin^nc ideology-, but also about 
the realities the'tceclcgy is intenccc co bice. Withi>. this- fraoa. If 
science teaching 13 ro enhvincc d^*'^cratiiiation» then scler»ce teaching 
will Include both the kno^-lcdgc of ■:5:ciencc and kncvled^:e of the sccic^ 
econord<:-po lit leal ^ettin^;. vithin which science takes place* 

In defense of this porr^tlon ve 3hov that science i^. ♦'ict apart frca 
society^ but integral Iv a patt of society. Science inflccnces and is 
influenced by ^^ocicty, And ::cr tnis reason science c^not be ru-u|:xaj. 
orwiutonorsc:-!^^ . or CD::ec:ri\'e :n ail of it!5 aspects, llather^^^scfence is 
xs&ed to Kcbieve^ ^.oal5 ; in r*iny cases science prod-^ces ''dat«** dlecanded 
of Its benefactors^* If 1? .£rportan^. -c discov*er who -xne benefactors of »^ 
science are, and --hat kinds of data are ^quested by thez;, and to vhat 
end .The data are ^^^ed. ?:ncvied7.e is' potential power, and power is used* 
to ser\^e those who own and control it, li^ it then no^^ .. rnportant co^ 
Irivestif^ate the r.iiterlal natiire, of the relotionsbips between those who 
o^^n and control p-cwer and thostf^who don*i'' All of ^ts in the trade- 
CccachlnVj refer to the:;e asi ' senr.lt Ive issues/* and rany of us havfi 
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been socialized into believing that sensitive issues are best left alone, 
for to discover their correct interpretation is to demand participation 
in the unveiling of the ideological masks which for too long have kept 
us innocent of realities. Two examples serve to illustrate this point. ., 
the technology of gene splicing and the ideology of sociobiology. two of 
the. hottest issues ever to arise out of biology. 



ISSUES 



"Recombinant DNA . 
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The history of asexual, recombinant DNA molecules c^ be traced to 
the first known bacterial transformation experiment, reported in 1928 
(Griffith, '19 28) . By 1944, it was known that DNA is the transforming 
4)rinciple, i.e., DNA in chemically pure form can be isolated from one 
strain of bacteria, introduced into a different strain, and thereby 
trmisform a few of th^ recipient cells into, the genotype/phenotype of 
the donor strain '(Avery, et al., 1944)-. The techniques of DNA transfer 
have been refined in recent years to make it possible to combine frag- 
ments of DNA (fragments containing from one to many genes) of any 
~ species of plant, or animal with bacterial plasmid DNA, and to clone the 
i?ecombinant molecules within Ijacterial host cells (Ian, et al. , 1973; 
Chang, et al., 1977). | . ■ . 

DNA isolat:ed from any species can be cleaved into small fragments 
by the" enzymatic action of restriction endonucleases . These restriction 
enzymes cleave such that the ends of each fragment are left single 
stranded. -The single strand on the end of one fragment can then be 
bonded to the single strand end of another fragment by the^action of. 
the enzyme polynucleotide ligase . For example, fragments of DNA iso- 
lated from human liver cells, mixed with cleaved plasipid DNA, in the 
presence of ligase, will produce recombinant plasmids- containing both 
human and bacterial DNA. The next trick is to get the' recombinant plas- 
mid into "a bacterial host cell, where, if the transfer is successful, it 
will be replicated or cloned. The final expectation is that the human 
gene(s) will program synthesis of .the same protein within the bacterial 
cell as was programmed by it within human cells'. In June;^ 1977, it was 
reported that the- insulin gene from ret liver cells had been spliced into 
a bacterial plasmid (Time, 1977), but in that case the .gene did not pro- 
du ce insuli n- within the bacterial cell. ' 

It is possible to understand the social significance of rec-DNA 
technology without an understanding of how to make r^c-DNA molecules; 
this understanding is aided by -the fact that the issue of gene splicing 
has developed into a major controversy. The controversy was amplified 
by the first-successful gene-splicing experiment. In 1971, a student 
^ of Paul Berg (Stanford) reported the successful seeing of DNA iso- 
lated from the African Green Monkey virus, SV40, bacteriophage 
lambda DNA, and the insertion of the recombinant molecVle into the. 
bacterium, E. coli (Slesin, 1976). Following the report, a discussant 
pointed out that in the event the bacterial cells escaped the labora- 
tory, the bacteria could provide a novel infection route for SV40 to 
be transmitted to hvimahs-.. " Berg decided to cancel the experiment 
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because SVAO is known to cause cancer in some animals and to transform 
human cells in vitro to cancel-like states (SVAO is not known to cause 
cancer in humans, but the risl\ is believed to be a real one). In an 
open letter to Science , Berg aU others (1974) called for a moratorium 
on further recombinant DNA experiments until such time that a panel 
could review the hazards and reciommend containment procedures. 

Such a panel met, at Asilomar,' California; in 1975, to begin che- 
task of setting guidelines for rec-DNA research. The initial guide- 
lines have since been modified and' adopted by the National Instit»tes 
of Health (NIH), and the guidelines apply to all NIH- funded research, * 
However' the effectiveness of the' guidelines^ is a function oythe 
'scientists , since the 'guidelines are not I'e gaT elements ' accompanied by 
authority to issue sanctions. Even within the short time,4)f their 
existence, the guidelines have been broken (the group that spliced the 
insulin gene into a bacterial plasmid, in their push^o get ahead of 
competitors at Harvard, began their experiments using a plasmid that 
had hot been approved by the NIH committee (Wade_,/<1977.) . Even though 
many 'scientists may be trustworthy individuals, all scientists work 
within high intensity competitive environments'^, a condition that often 
reduces self- regulation to the level of no/regulation. 

Fears of mass infection of SV40 yi^^s are clear enough, but many 
proposed recombinations are less clear. Some outcomes of gene splicing 
may be trivial; som^ may be catast^rophic; others may be unidentifiable 
at this time. A few potential ri:sks have been discussed, for example 
the possibility that human, rat, com, and other eukaryote CNA function- 
ing within bacterial cells might endow the bacterium with new, . unfore- 
seen properties, e.g., pathogenicity, toxicity, the capacity to_£ompete 
for new ecological niches, carcinoginicity, and so on (Wade, 1976). At 
the time of this writing there is no' experimental evidence in support of 
these possibilities; however, it is known that a plasmid, once created, 
can escape and establish itself with high frequency of transfer to 
other extant strains (Sadowski, et al., 1978). ^ 

The claims made by avid proponents of rec-DNA research are equally 
innocent of a data-base. Some advocates suggest the creation of 
nitrogen-fixing cereal crops (Berg, 1976) ; others tell us that the : 
promise of cures for genetic diseases caused by single gene mutations 
(phenylketonuria, sickle cell ahemia, Tay Sachs disease, etc.) more 
than of fsets ,the risk factor, and they flavor the pr6mise with . aspira- 
tions of success against diseases whose causes are unknown, e.g.', 
cancer (Baltimore, 1976); many advocates, however, stick to the basics, 
and. promise only that continued rec-DNA research will lead to a better 
understanding of genomes (Cohen, 19^7; Wilson, et al. , /977) , This 
last point seems fair enough but for the disturbing reality that the 
•phenotypic outcomes of moving "foreign" genes into bacterial genomes 
are tmpredictable and dependent upon both the environment and the other . 
genes within the genome. Furthermore, the, action, of a eukaryotic gene 
in a bacterial host may not reflect. its function 4n its original con- 
text. This contingency is compounded in that the function of more than 
three-quarters of eukaryote DNA is, unknown, even within its native ^ 
habitat. .. The gene theory is not sufficiently advanced to help much, 
with predictions about how spliced gene/bacterial genes/environment 
Interactions will inflxience phenotype. 



The rec-DNA controversy, then, is aligned around two well defined 
camps, the pro and the con. The positions of both camps are .weak as - 
judged by hard evidence. However, as judged by vulnerability^ to hard 
questions, or by the liberties taken through speculation and^ccusation, 
differenpes between the two camps do surface. \^at we really ^ant to 
know is whether the promise to use rec-DNA technology to ameliorate 
starvation or to correct inbome errors of metabolism or whether the 
accusation that the critics of rec-DNA technology are advocating limits 
to the freedom of inquiry or whether the claim that the risks of rec- 
DNA technology are small arise out of empirical evidence or from behind, 
a smokescreen of advocacy. * ' « 

"The same cm be asked of the con position. Why are caution and . 
improved containment facilities urged? Are risk factors^ invented out 
of desire to stop scientific progress? Is there any evidence that 
other technologies will lead to an understanding of genomes (Federation 
Report, 1976)? or that harmless experiments will help assess the risks 
of at least some rec-DNA proposals (Levin, *1977; Curtiss, 1974)? 
Clearly, the societal tweeds, today, for the resiilts of rec-DNA tech- 
nology are secondary to, for example, large-scale resistance to anti- 
biotics; therefore, the wait-test-and-see atzicude is not an intrinsic 
thorn in the behind of scientific progr^s. This assertion brings 'us 
to that 'aspect of the argument that cl^rly irri tates certain members 
of the pro group, and thaf is ethics and politics. Even the questions 
whether the public should participate in the decision-making processes 
and whether scientists have a responsibility to inform the public are 
treated as roadblocks rather than as questions. And the gap widens 
when it is asked, directly, whose political interests are served by con- 
tinuation of "technology as ideology" (Ellul, 1964), the unabashed 
advocacy position of the pro camp. 

Before getting at some of the ethical/political aspects of modem 
genetics, we introduce the "new" sociobio logy, since it raises some 
of the same questions. 

Sociobiology 

Ni> doubt the main attraction of the new sociobiology arises from 
the cl/aim that it is now possible to unify all' hitherto fragmented^ 
concepts of behavior, animal and human, abnormal and normal, individual 
and sbcial, into a single paradigm, or, as E. 0. Wilson calls it, "the 
new synthesis" (1975). This Wilsonian unification is dependent upon 
genes; the universal causal agents of behavior. This is no small 
assertion, and reactions to it vary. At one extreme certain people are 
comforted knowing that -^science has finally discovered why humans behave 
as they do; at the other extreme sociobiology is viewed as" but another 
atteipt, in a long train of attempts by scientists to prove that exist- 
ing social and political structures are biological imperatives. . Between 
thes^e extremes are found more questions than answers. 

[ To begin an analysis of sociobiology at the point of its^^cienti- 
fic I underpinnings, we ask whether the genes of sociobiology and the' 
gen.4s of genetics are one and the same. Even casual inspection shows 
thai they ar« not.* The genes of genetics arise from. two methodological 



paradigms, Mcndelian genetics and molecular genetics. The Mendelian 
gene is defined as a "unit of inheritance" and the molecular gene is 
defined both as a physical-chemical molecule and as a unit of function 
TWoodward and Woodward, 1977). Both definitions are restricted by the 
methods of study'that gave rise to them, while the most profound 
advance in the .history of the gene theory was the discovery that the 
Mendelian and the molecular methodologies describe different properties 
of the same entity: the gene. The data produced by these two method- 
ologies-have been generalized into a theory, and this theory of the 
gene has served as a good scientific theory should; that is, from the 
theory hypotheses have been generated. These hy^/otheses have been sub- 
jected to experimental tests (for falsi fib ility ) .V These tests yield 
additioiiiar data which both modify and enrich the theory. The gene of 
genetics has been shown to exist in thousands of species and to influ- 
ence many aspects of phenotype. But, genes defined in this way have 
not been demonstrated to have a cause-effect relationship with normal 
human behavior , individual or social. 

If the new sociobiologists are not talking about the genes of 
genetics, whatNcinds of genes are they talking about? The kindest 
answer is hypothetical genes, but this answer does not reveal the^ 
tortured logic used to manufacture them. In effect this lpg±c asserts 
a) that social behavior is adaptive, and b) that adaptive traits are 
gene-determined, but if we examine carefully we find that this logic 
is used as a substitute for data in that it literally borrows/genes 
from gene theory and the concept of fitness from the theory of evolu*- 
tion. With borrowed genes and the concept of fitness, the new socio- 
biologists demonstrate gene -phenotype relationships. In practice this 
amounts to, first, observing a "behavioral trait," preferably one that 
is species "universal," and, second, rationalizing the trait's fitness. 
This sociobiological logic differs from science in several iiH)ortant. 
ways, the most striking way being the absence of empils^ical data and a 
/methodology for procRicing data. Judgments of sociobiology guided by 
; the philosophical structure of empirical science unquestionably lead 
to the verdict: scientific malpractice. 

A few attempts have been made to skirt this embarrassment. For 
example, Barash (1977) insists that sociobiology does have access to 
methodology, and thence to data. His "methodology" incliides a) the 
historical method, called behavioral phylogeny; b) the e^uative 
method, a. formal way. to say common sense; c) the correlational method, 
often misused by poising correlations as cause-effect phenomena; and 
d) the predictive method, or central theorem approach. As it turns 
out, none of these methods can produce empirical data, as Barash 
inadvertently admits when he refers to the first three as being post 
hoc . If the first three are post hoc , the last is window dressing 
since ^predictability (making hypotheses from theory) is based upon . 
empirical data. 

- In sociobiology the case for a cat^e-effect relationship between 
genes and behavior cannot be made, except through the use of hypothe- 
tical genes. This is very different from the gene-phenotype relation- 
ships demonstrated for "inbome errors of jnetabolism." For example, 
the gene causing sickle cell anemia not only obeys the inheritance 
laws of Mendel but is known to code for a specific polypeptide. Many' 
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such examples can be cited. But nothing is known about, the hypotheti- 
cal genes of sociobiology, neither about their passage from one 
generation to the next nor about pjoteins coded by them nor about the 
relationship betweep coded proteins and behavior. And, clearly, the 
cause of these hypothetical genes is not helped by the "guesstimate" 
that genes cause only 10 to 20 percent of the variation in human' \ 
social behavior. The aetr^ estimating the contributing influence of. 
genes to social behay^r add^ insult to injury* However, since the 
. genes Wve-Jiaxrow^ain the^rst place, it's not surprising that they 
have been accojrded a modest* piece of the pie. But in real life there 
Isn't .a shred of evidence in support of these estimates of the respec- 
tive contributions of genes and environments to social behavior. 

But once the dam of hypothetical genes breaks, the erosion of 
reason honors no boundaries. Wilson (1975) suggests that a "planned 
society" in controlling aggressiveness (the desire to own anc! dominate, 
*and violence), might suppress cooperation, creativity^ and athletic J 
zeal. . .because the genes determining the former may be linked with 
those determining the latter. .Thus, the planned society would, in 
the "ultimate sense... rob man of his humanity." Pierire van den Berghe 
(1975) argues that aggression, dominance, hierarchy, territoriality ^ . 
and their political consequences are biological; e.g., van den Berghe 
calls racism brutal, but he says nothing can be done about it because 
It is genetic. Barash (1977, pp. 310-11) agrees that racism is genetic, 
but he says that this fact does not "legitimate It." We -wonder how 
something can be inevitable and not legitimate. Indeed, it is the 
definition of racism losed by van den Berghe and Barash that underpins 
the precise legitimization of racist terror practiced by the Ku Klux 
Kian and the iNazis. 

Another play on words is found in Dawkins* The Selfish Gene (1976) 
where we find an updating ,of Samuei Butler's aphorism„^'iar'''€hicken is an 
egg's way of making another egg," to read.that people are the genes' 
way of making more genes (Dawkins, 1976,^ p. ix). This twist of evolu- 
tionary logic is accomplished, again, by assertion rather than with 
data. The assertion is that genes survive for their own sake, and that 
human, phenotypes ('*huge lumbering robots" within which "genes swarm," 
says Dawkins) are nothing more than vehicles for transmission between 

- generations. "Dawkins tells us /that since genes are so very selfish, 
•T>e warned that if 'you wish. . .to build a society in which individuals 
cooperate generously and. unselfishly towards a common good, you can 
expect little help from biological nature" (1976, p. -3). This view 

of the mass of humanity is popular within the • ruling- classes who often 
possess the power to reify ab^ractions by way of social policies, 
but reified abstractions ar^^t equivalent to scientific data* ^■ 

When it is suggested that science is financed by and serves the 
ruling class, many scientists 'respond defensively claiming that science 
is neutral, autonomous, and objective. Anyone who has studied the his- 

- tory of science knows better. But in the case of sociobiology' it isn't 
necessary to resort to history because the contemporary political 
message stands in full view for all to see. This message takes two 
forms: first , there is the passionate defense of the status quo by 
way of asserting that the.statxis quo is determined by genes; second. 
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Biany sociobiologists call for modifications of social policies based 
upon "new discoveries" of genetic potentials of individuals and of 
groups. Since all that' is needed for making new discoveries is an 
observed behavioral difference and a corresponding hypothetical gene. 
It is safe to conclude that the social policy modifications are nothing 
raorc and nothing less than political advocacy. The disguise used to 
hide the advocacy, again, is the claim that, in effect, the suggestion 
for social policy modification itself was coded by genes. 

Both aspects. of sociobiological political intervention are 
^tJiuttressjed by a-^host of gene-determined behaviorisms: male, dominance, 
male promiscuity, homosexuality, territoriality, xenophobia,/spite, 
altr;uism, reciprocal* altruism (euphemism for capitalism),, con5)etition, 
religion and patriotism, warfare and genocide, etc. Of course, no 
evidence is of fered -for any of the "traits," , and. all of the definitions 
are taken from a cultural, not an experimental, context. The rationale 
given by some sociobiologists that gene-normal behavior relationships 
are real comes from a long list of gene-patholQgic^T behavior studies. 
For example, phenylketonuria is bpth a single gene disease and a patho- 
logical phenotype. But this analogy' is^-patently false. The gene, 
responsible for PKU fails to program phenylalanine hydroxylase, which 
results in failure to convert phenylalanine into tyrosine. The pheiyl- 
alaninc^accumulates and in sufficiently high quantities, during certain, 
stages of development, excess phenylalanine impairs normal brain func- 
tion. 

The politics of sociobiology is not overly complex. The long list 
of .gene-determined behaviorisms can be dispensed with on the grounds 
of no evidence. The advocacy of political social policies based on the 
claim that genes determine political social structures is but a self- 
made/ Catch-22. If the criteria of experimental falsifibility are 
appl/ied, the apparent contradiction evaporates. But, biological 
determinist theories have never depended for their health upon their 
scientific underpinnings, as the long list of histjorical sagas illus-- 
trat^ng the use of determinist theories as social Veapons attest. These 
theoriesT like organized religions, are designed not to explain human 
nature, but to control it (Sociobiology Study Groxip, 1977) * 

The new sociobiology comes hot on the heels of its ill-disposed 
predfcC-^ssor: IQ psychology. The reason is not hard to find. The. 
dominant classes have always needed an ideological weapon with which 
to fend off exposure of the lie that race, sex, and class inequalities 
are biologically inevitable. . This particxilar intent of sociobiology 
is impossible to hide. 

• ■ , . ^ ■ • ^ 

SCIENCE IN ITS SOCIO-POLITICAL CONTEXT- . 

The insulin gene from rats/ is now located within a bacterial plas- 
mid. rf this gene can be" "turned on" to program insuli-n within the 
bacterial cells, as it does in rai pancreas cells, it should be possi- 
ble to produce inexpensive insulin- Diabetes is advertised as being a 
dominant killer, second among dise^es behind cardiac diseases^ a fact 
that supports the contention that inexpensive insulin is in^ortant. 



However, upon probing why so people die of diabetes it is found 

that the price of insuli<^ is ^cit a major factor. Mjay people with 
the disease are never dlAgflose^. many never see a physician. Many 
cannot afford to, see a ptiysi^^^; most probably do not understand the 
syinptoms. This is one ^ide of the coin. On the other side, one of 
the persons who worked d<i the ^^^suXin gene project is a key figure 
In Genetech, a corporation t^^^t will market the insulin as soon as 
the bacterial cells can be i^^^ to synthesize it (Wade, 1977; People, 
1977). Insulin produced by fRlced genes, then, is destined to bring 
profits to the corporation, there is no evidence that public , 
health will be the better io^'X.t.. 

The causes of public ill"*health are many. However, the general 
health of the rich is stibst^tially better than the general health of 
the poor. The causes of this ^jifferential are not to be found in 
medical technology or in get»es for wealth and genes fot poverty, but 
In the class nature of society, \^hile it is advantageous for young 
doctors to specialize i*i di^ea^es of the rich, millions of poor people 
never see a 'doctor. Those Ji^-liions who live below the poverty datum 
line (the assessed minimum ^-^^^ome necessary to sustain nfe) cannot 
afford health care at an? P^^^. Therefore, it is a false promise to 
say that insulin-producing l^^Cterial strains will abate the health 
problems of the masses. It be true. that gene-spliced insulin will 
undercut the present producers insulin, but to solve the diabetes 
problem, as one example, it necessary to eliminate unemployment, 
train enough doctors to serva-c^ all the people, and distribute medi- 
cines and health care services equitably among all of the people. 
This is not to say that ve S^^mXA stop working on small projects, 
only that misconceptions of impact of .small projects upon the 
greater social dilemmas are often used to hide the bigger realities. 

Science is even further temoved from the people than is medicine. 
Science is comprised of societies of eaeperts monopolized by the pro- 
fessions and estranged from people. Science does not off er either 
the intellectual or the taat^^^iai tools needed to exercise self- 
determination, self-admanis<^^ation, or self-rule, in any walk of life, 
including science. Yet worKet^ often view scientists as members of 
the ruling class. This is '•'^c^rrect. Scientists are as dependent as 
any other worker upon the n^^ing class.. .for jobs, money, honors, and 
prestige. In addition, sci^t^sts are victimized as are other workers 
not because they can't find jobs (this is changing) but because they 
are specialized and sociali^'.^d only to produce the kinds of knowledge 
the ruling class wants. Therefore, the idealistic concern for people 
evidenced by such promises ^ improved public health nothing but an 
ideological cover for the r^^lUest to allow science to carry on its 
business as usual," and for fact that scientifi c_labor is not 
designed to serve the peo^ l^* 

The complete meaning of Science cannot be found within scientific 
knowledge as such, but tmist be sought, at least in Part, in the po^er 
scientific knowledge gives, ^his power has the potential to detract 
from or to enhance the qualify life of all people, and for this 
reason the uses of scientif5-c power mirror the ideology of the users- 
If this power is focused to^^^^td se^s^ng the power elite, ideology will 
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be used to disguise reality. If this power is used to enhance the 
quality of life for all people, ideology will be used" to expose reality 
and to prepare all people in its usage; it will not belong exclusively 
to the power elite. This latter alternative mandates that every sci- 
ence curriculum, and every science teacher, share with every science 
student the uses of scientific* power, whether of herbicides designed to 
destroy ecology. for profits, neutron botribs designed to kill people and- 
save btiildings, or spliced gene insulin designed to make profits. 

' Where will science teachers find this information? Certainly not. 
in' the textbooks. For^the roost part textbooks strive to idealize sci- 
ence. In point of fact the sources of such information are not easy 
to find. But history is helpful, as illustrated by the history of 
hereditarian theories of human nature. For example, during pre-Civil 
War days when the question of slavery polarized the U.S. population, 
certain scientists came to the aid of the pro-slave camp by providing 
evidence that blacks are ro-/re ape-like than human (Van Evrie, 1853) . 
And when the popular view of women was restricted to virginity and 
making babies, Victorian medicine men defined women as "ovaries, v uterus 
and other accoutrements" (Bart, 1977), and women who sought liberation 
from this "scientific" definition, by seeking a career or masturbating, 
were pronounced diseased. The cure? Removal of the diseased organs... 
and to this day the popular solution to "women '.s .problems" is the same: 
ovarectomy. ^ 

Herbert Spencer (1851) found the "scientific" -explanation for. 
BrUish imperialism. His thesis came to be called Social Darwinism, 
and its central theme was that Britain (the civilization) was biologi- 
cally superior to other nation-states. He also concluded that it is 
incorrect to eliminate poverty with charity and welfare because "the 
poverty of tha incapable, the distresses that come upon the imprudent, 
the starvations of the idle... are the decrees of the large, far-seeing 
benevolence... Under the natural order of things ?50ciety is constantly 
excreting its unhealthy, imbecile, slow, vacillating, faithless • mem-. 

bers " (Spencer, 1851, p. 51). In 1940, Konrad Lorenz (1940) 

explained the sorrj- human condition in terms of domestic cattle becom- 
ing dependent upon human care for survival; i.e., "The selection for 
toughness, heroism, social utility. . .must be accomplished by some human 
institution if mankind, in default of selective factors, is not to be 
ruined by domestication- induced degeneracy. The racial ideal as the 
basis of the state has already accomplished much in this respect" 
(Lorenz, 1940, p. 71), and, We MUST. . .-and we may. . .rely -upon the 
healthy instincts of the best of our^ people" for the "extermination of 
elements of the population loaded with dregs" (Lorentz, 1940, p.. 75). 
In 1973, Richard Herrnstein (1973) said thrit the good life is not for 
everyone because social hierarchy is in fact a genetic meritocracy. 
Hermstein's argument in support of a'genetic meritocracy rests on the 
claim that equal opportunity ha^ existed in this country for some 200 
yearsi From Gal ton (1869) through Terman (1916), Burt (Kamin, 1975), 
Eysenck (1971), Jensen (1969), and Shockley (1972), we see the prede- 
cessors of the new sociobiology and the attempts made by them, through 
science, to show that the; status quo, social-political structures of 
society are determined by genes. 
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Hovevef, the new soclobiology, as the name implies, has developed 
a new wrinkle, and it has to do with the concept of fitness . Darwinian 
•fitness is a concept of reproductive success, or lack of success, of 
individuals. New sociobiblogy "speaks of inclusive fitxiess, which is 
the sum of Darwinian fitness and what is called kin selection. Kin 
selection is family, or tribal, fitness, a concept that takes into 
account that a family member whose individual Darwinian fitness is 
zero; e.% , a Tiomosexual, might enhance the survival potential of his 
or her relatives by way of altruij?tic and cooperative behavior. These 
cooperative acts by a non- reproductive family member are, however, the 
genes ^ way of making more genes;, i.e., his or her relatives will pass 
on. his or her genes. Robert Trivers, in the introduction to The Selfish 
Gene (Trivers, 1976) , "^asserts that it is in the '^interest of the genes" 
to -program the human brain such that clear thinking is impossible, 
otherwise the brain might initiate plans for its. own survival, and 
thereby derail the strategies of Jthe genes. Wilson (1975) agrees, say- 
ing that people would rather believe than know, and from this he argues 
that planned societies can't work. The argument is a prima facie 
assertion that the only "reality" accessible to humans is mythology, 
and 'that the strategies of genes dictate war, genocide, racism, siexism, 
nationalism, etc. Wilson says this is 'why soldiers die for God and 
country. ' . 

If sociobiology is to become a complete synthesis, it must take 
the final step. George Pugh has obliged, as follows: If genes deter- 
mine the desire to be led, the desire for indoctrination, and social 
structures based upon leading and being led, then genes must determine 
human values* (Pugh; 1977). 

Of course, there is no scientific evidence that genes determine 
human values, .or that genes produce the "faithless, dregs" and resi- 
dues, of "failures" in society. There is no evidence that the social 
roles •of. sex, race, or class are deteimined by genes. Nor Is there 
evidence that the new socioJ>iology will contribute to the alleviation \ 
of the oppression caused by the institutional enforcement of the alleged 
^ene-determined social roles. Indeed, the tenets of the -new sociobio- 
logy lead to a distortion of the forces that do shape the social- 
economic-political structures of .societies. In fact, these tenets 
are in direct opposition to other realities; e.g-, the fact that the 
U.S. is ruled by a small (in niamber) , rich and powerful ruling class 
(Domhoff, 1967), and that the affairs of the ruling class are bared 
for by a relatively large managerial class, and that the wealth of 
both is derived from the surplzis labor value of a large working class. 

Those who have questioned and criticized the momentum of that 
sector of the science community that is moving ahead with rec-DNA and 
biological determinism have been likened by the pro camp to the 
attackers of Galileo. This analogy stresses reason even more than 
does the "gene" for reciprocal altruism. Galileo produced datal 
Galileo introduced the empirical approach to science, and in doing 
so he inverted the primacy of authority over knowledge. ^The real 
anti-Galileans ' are those, who attempt to restore the medieval depen- 
dence of expertise upon authority. 
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There can be no doubt but that it I9 in the interest of the 
ruling class to protect the status quo and to maintain control over 
the uses of scientific knovlcdge. This is not an indictment, but a 
statement of fact. And many there arc who agree that this is the 
way things should be. Certainly many scientists agree as evidenced 
by putting forth "scientific" evidence that the status quo is a 

-..hl^ogical Imperative and by providing the "tools" with which the 
ruling class improves its grip upon the world's resources including 
the people^ This is not a conspiracy either on the part of the ruling 
class or of its cadre of ^scientists. The, former acts to promote its 
self-interests, that is to own and control; the latter acts in its 
self-interests; i.e., to prevent poverty, obscurity, and mortality* 
•To confuse the forces- xhat-^ producer-social- ^aoclon^^^^ cy is a ^ 

• mistake. ' Not only does the confusion misdirect the attacks of those 
who work for change, it also leads to a misunderstanding of the ^ 
material basis of social stxnacture. 



REO^INENDATIONS 



If^v science educators" are to teach science within its social con- 
text, then there lies ahead a protracted struggle. The struggle 
includes Hard work for preparation (re-tooling) and against contin- 
uous opposition frpm conservatism. For the preparation it is 
necessary to know how science is funded, how the choices are made to 
ftmd some projects and not others, the effects upon universities of 
- the ties made between them and, the funding agencies, i the effects upon 
the qiiality and content of teaching of hi^ly competitive science, 
and, importantly, the overall function of [teaching as seen. by those 
who monitor and control its quality. It is also, important to under- 
stand the content and methodologies of scijence, but not just at the 
technical level necessary to do science. fThe little book. Biology as 
a Social Weapon , offers several lllustrat lions of this last point (Ann 
Arbor Science for the People, 1977). . 

The protracted struggle against conservative opposition Is most 
difficult in isolation. Teachers must begin to place discussions of 
this sort on the agendas of teachers' meetings, whether local, 
regional,, or national* When large numbers of teachers object to 
status quo training and begin to prepare programs for progressive 
education, it will be possible to influence awareness of the effects 
of ideology upon mass oppression as well as upon the quality of men- 
tation. The objective is not to destroy science but to enhance its 
quality and its uses. Since science cannot, simultaneously, act .in • 
behalf of the profit-making capability and in the interests of the 
world's masses, then assessments of the quality of science will be 
made from its uses — and the same will be true for teaching.' There 
is ample evidence of a firm relationship between the kinds of ques- 
tions scientists ask and the political-economic context within which 
scientists work, and again-the same is true for teaching. The analy- 
ses of scientific facts isolated from these relationships is as . 
asdentific as an analysis of genes isolated from the environment 
within which they influence development. , We therefore advocate that 
science teachers begin the process of analyzing and studying science, 
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not with the Ideology that facts arc our qnly access to reality (logi- 
cal posltivisTO) » but with the objective understanding that interactions 
as^ng elements within systens^ and between systems^ profoundly influ- 
ence their properties and qualities* It is important to knov the 
properties and qualities of science— and the forces that influence them* 



REFERENCES 



Ann Arbor Science for the People (ed.)* "Sociobiology: A New Biolog-V 
ical Determinism^" Chapter in Biology as a Social Weapon , 
Flnneapblis: — BurgeW-TiAlTlshlng Co- , i;977;-'-r-^ :- p 

This little book contains several chapters showing the role . 
biological determinism has played and is playing in fostering 
racist and sexist social policies. 

Avery, 0. T.; C. M. MacLeod; and M* McCarty. "Studies on the Chemical 
Nature of the Substance Inducing Transformation of Pneumococcal 
TypesI" Journal of Experimental Medicine , Vol. 79:137, 194A. 

This is one of the classic research papers in genetics. . 

Barash, D. P. Sortobiology and Behavior . New York: Elsevier, 1977. 

This book is more to the point tjhan Wilson's in that the relation- 
ship between evidence and conclusions is ignored -almost completely. 

Eart, P. B. "Biological Determinism Xd Sexism: IS it all in the 
Ovaries?" Chapter in Ann Arbor Science for the People (ed;)^ 
Biology as a Social Weapon . Minneapolis: Biirgess Publishing 
Co., 1977. 

Berg, P.; D. Baltitrjorc: H. Boyer; S. N. Cohen; R. W. Davis; D- S. 
Hogness; D. Nathans; R. 0. Roblin; J. D. Watrfon; S. Weissman; 
and N. D. Zi^der. '^Potential Biohazards of Recombinant DNA 
Molecules." Science , Vol. 185:303, 1974. 

Most of these scientists changed their minds on the potential 
harm of rcconfcinant DNA. - 

Berg, P. Proceedings of a Conference on NTH Guidelines for Recombinant 
DNA Molecules > Public hearings held at a meeting of the Advisory 
Committee to the Director of NIH^ Washington, DC: Department of 
Health, Education ^and Welfare, 1976. 

Chang, A.C.Y. ; S. X. Cohen; H. Boyer; and R. B. Helling. ."^Genome Con- 
struction Ber-yeen Bacterial Species In Vitro: Replication and 
Expresrtoa of S t aphy lococ cu s Plasmid Genes In Escherichia coli ." 
Proceedings of the iiational Academy of Science , Vol. 71:1030, 
197.4. 

In the papers of this volune can be found the tec^ology of gene 
splicing. 

Curtiss, R. "Open Memorandum to Paul Berg, et al." Cadbridge: MIT 
Program in Oral History of Science, August 6, 197A. 



99 



Cohen, S. ; A.C.V. Chang; H. Boyer; and R. B. Helling. "Construction 
of Biologically Funcclonal Plasmids Tn Vitro ." Proceedings of the 
National Acadctav of Science . Vol. 70:3240. 1973. 

Cohen, S. N. "Recoobinant DNA: Fact and Fiction." Science , Vol, 195: 
654, 1977. 

Davis, B., and R. H. Sinsheitaer, "The Hazards of Recombinant ONA." 
• Trends in Biochetnlcal Sciences . Elsicvcr, Holland: International 
Union o-f Biochemistry, n 178, 1976. 

Dawkins, R. The Selfish Gene , Oxford: Oxford University Press, 1976. 

The thesis of this book is that^ genes are the striving bloioglcai 
entitles, and that people are but gene-controlled vehicles bridg- 
ing gene generations, ^ . ^ 

Doirfioff, G. W» Who Rules America? Englewood Cllffs» NJ: Prentice- 
Hai;L, 1967. 

Ellul, Jacques • The Technological Society . Neu York: Alfred A, Knopf, 

andj^Randoa House, 1964. \ 

Eysenck , Hans . The IQ Arguggnt:- Race^ Intelligence and Education . 
New York: Library Press^ 1971. 

Eysenck is the most ^widely read proponent of gene-IQ Ideology 
in Britain. 

Federation Report. "Protaise end Hazards of Recombinant PNA Research: 
Three Schools of Thought.*** Federation of American Scientists 
Public Interest Report , Vol. 29, No, 4: 1976. / 

Galton^ F. G. Hecedltary Geniiis; An Inquiry into its LA^s and Conse- 
quences . New York: MacMillan, 1869. \ \ 

Galton is knotm as the "father" of eugenics. 

Griffith, Frederick. "The Significance of Pneumococcal. Types." 
Journal of Hygiene , VoK 27:113-156^ 1928. 

This paper is of historic dlnterest in that it Illustrates a 
developtnentar process of scientific advance. The significance 
of Griffith's data was not understood f.or nearly 20 years. 

Hermsteln, Richard. IQ in the ?feritSt^racy . Boston: Atlantic-Llctle 
Brown and Co. j 1973. # \~ 

': Hermsteln carried the IQ arguoenc of Jensen to its fascist^- 
conclusion, that we live within a gene-deterndned peritocracy. 

Jensen, A. R. "How Much Can We Boost- IQ and Scholastic Achicvenent?" 
Harvard Educational Review , Vol-. 39:1-123, 1969.; . 

This is the fainous paper that triggered t"he nwst recent gene-IQ 
controversy. 



ERIC 



100, 

103 



; y^t» 4 i;ean^ - The Science and Politics of XQ . Pot^ooac, «D; Lawreac<t; 

■•;■■}■:;,., %tlfeaii«''Msoe.^^l^^ ■ ■ 

? Ka^^ fratjdtileat niatura of 
^IxiCyrtl Burt Vs ;IQ psychoid 

_L€»3i>^R. iU acd F.:M. . Stewart.. ••Probability of Establishing 

ChlBicric Plasndds- in Natural Populations of Bacteria^" Science . 

' :vca.. isi$:2i8, .i977i- , ■. ■ \ . .. ' .■ /.y, ' ^ .. „. :':- / • . • ' 

: Loreni,. Konrad, '^urch °Dotaeistikation veiurs^^ 

. . Verhaitetts . " Zgrtschrif^ fury angqwandte Psychologie uad Charac- 
• ^ t:erkpnde> Vol. -59:56-75^ .1940. Quoted in W. Cloud "IJinne;^ -amd 
Sinners. " The S -lences, ¥ol . 13:16-21^: 1973.. - i . . . 1 

Lorenz's view of human Mtiire l^^ influenced by 

• his advocacy of fascism in Nazi 'Germany. ; f 

- ■•'"/■ ! '' ■ ■ - . V ' ■■■■ 

Hovickj-R. P. ,'?E^resent Controls are Just a Start." Bullecin of thf^ 
: Atomic iciest istis, yoi: 33^, N«. 5:17-22, May i9?7.. 

People", "Will Tinkering with DNA. Prpdub<Supergerms and Monsters? 
Scieatttsit Herbert Boyer Says Ko." p A9^June 26, 1977. 

PifegressiV'c L^or Party . Who/Rules the U.S.*? -i Progressive Labor ^arty 
. 'pamphlet, 220 East 23rd Street, New York', .NY 10010,* 1967. * : 

Pu^, G.^E^ Sociobidlogy:- Iiiq)licati6as for Huiaan Stiidies. Address 
presented at the California Sy^osiuto on Science and Htnnan ^ 
Values. San Francisco State €<«^ge, CA June 14^15^ 1977 ♦ 

Pu^, G. The Biological "^rij^in of Hmaah Values. New Yorki;^ Basic 

Books,. Inc, » 19^- * * . ' > 

. ' ^ 'r c , ' r/^ ^ ^ 

Sadowski, ?• L. ; 3* C.' Peterson; D. Gerding;.-and :P. P^ Cleary. "Use; 
of* Restriction Endonuclease to Establish the Persistance and 
Epidemic Spread of a Single R-?lasmid in the Hospital Environ- 
* ©ent." In Schlessinger (edQV: Microbiology* Ivashington, DC: 
^ American Society for->Iicrobic>logy, 270-272, 1978 (in press) . _ 

Shockley^ W. Dysgenics,. Geneticity, and Raceology. Phi Delta Kappan , 
Vol/LXII, not 5:305, 2^72. ' ' ' ^ 

V ^ * Shockley's proposal for sterilization of lov IQ persons has had 

tlie financial backing of reactionaries, e.g. , Pioneer Foundation, 
^ . for years. . ^ ^ : , 

Slesin, L. "RecDi±»inant PNA ResearcTn: A Chronology." MITrXabora- 
tory of Architecture and Planning . Occasional Paper^ 
November 10, 1976. ; ^ ^. ^ ' 

This is a good history of gene splicing. . 

Spencer, Herbert. Social Statics . London: Chapman^ 1851. . 
Spencer is credited xdLth inventing sociai Darwinism. | 



Tezman, L. M* The Measurement of latellxgenee > Boston: Houghton 
Mifflin^ 1916. * - / 

Tennan revised the intelligence tests of Binet into the Stanford- 
- .Blnet.IQ tests.' . — . 

Time. '"One for tie Gen^e Engineers," p. SS^ Jxme 6, 1977. 

This article points up two^'pS^^ aspects of DNA technology: 
(1) the popular concept of sciencej^and (2) the fact that the 
popular. press is a good place to "publish" research results in 
order to establish priority: — but only if ,^1^ is sanc- 

tioned by those who own and control the media. ^ ' . : " 

Trivers,. Robert. Introduction to Richard Dawkins* The Selfish Gene > 
Oxford: Oxford TJniversity Press 7^ 19 76^. 

Van den Ber^e, Pierre. Man and Society: A Bxosocial View. New York: 
Elsevier, 1975. ; ^ 

Excellent illustration of subjectiyjLty - and ideology posing as 
science. 

• ' ■ ••■ ' ■ ■ ' X . ■ ; ■ " 

Van Evrie,, J. H. Negroes an^ Negro Slavery: :Tlie First an Inferior 
Race, i. .The Latter^ Its No.rml Condition . Baltimore; in G. 
.Osofsky The Burden of Race . New Tork: Harper and Rowr, 104-110 > 
1967. . , / 

This book is an eye-opener in showing how science and ideology 
become intertwined. _^ 

Wade,'N. . ••Recombinant :DNA: A Critic, Speaks Out." Science, ^yol. ' 

194:303, 1976. - -/ ' ■ \ ' / 



"Recombinant DNA: NIH^ Rules Broken in Insulin Gene 
Science > Vol. 197rl342, 1977. 




Wade, Nicolas. 
. Proiect-". 



Wilson, E. 0.' Sociobiology: The New Synthesis. Cambridge, MA.: 



Harvard University Press, 1978. 

This is a. large book, most of which is descriptive, with a 
conclxision j^^ynthesis) only metaphysically related to \the 
"evid^ce.'^^ \ 

Wilson, J. T.; B. G. ^Forget; L. B. Wilson; and S. M. Weissman. '*Human 
Globin Messenger RNA: Importance of Cloning for Structural 
Analysis." Science, Vol. 196:200, 1977. 



This is an introduction to moL'^cular genetics. 



ERIC 



102 



HQ 



Donald. hloCarthy defines pdrapsyahology as the scientific study 
cfpsi phenomeniz Hnt er actions beuoeen an observer and kis^ environ- 
ment which are not medlccted hy any T^iirrentZy known serisorirnqtor 
channels). His insistence on scientific study ^ and his eliniination 
of the yseudosdentific fads which -are sometimes lumped into para- 
psychology J make this a paper which des&pves serious study. 



PARAPSYCHOLOGY 
.d McCarthy 



AN OVERVIBV OF^PARAPSYCHOLOGY 



What is Parapsychology? 

Parapsychology is regarded, here as the scientific study of psjL 
phenoiuena. According to one definition of the term "psi phenomena/ 
involve interactions between an obser'/er and his enyironment which: 
are not mediated by any currently known sensorimotor channels. A f 
traditional classification of psi phenoin^gaa^has distinguished between 
ESP (extrasensory perception) and PK (psychokinesis). In the fon^r, 
the oT>server receives inf onoaticn from (or is influenced by) some/ 
ssi>ect of the environment, and in the latter he imparts inf ormation - 
to (ox* influences) his environment — in each case via means not r , 
pres.ently understood* TTitis, if an individual were able to alter ^he 
path of a moving object (or a laser beam, say) without direct conjtact 
or the use of any observable force or energy- it presumablyr„woirrd[be 
an' instance of PK* If he were^able . to :describe..in detail^a pictu^re 
that 'another person were viewing (or otherwise "read the thoughts'! of 
that person) under conditions that prohibited ordinary sensory \ 
exchange of information, this would an instance , of ESP. \ 

^ ■ \ • 

Traditionally, several "varieties of ESP have been delineated, the 
•major types being telepathy, clairvoyance and precognition.- In con- i 
tradistinction to telepathy, in clairvoyance the observer obtains t^e 
^Information without benefit of assistance from the minds of ocfhers; 
in precognition^ he obtains information about events befdre they occur* 
Thus the example of ESP cited above would be an instance of telepathy\^ 
rather than clairvoyance. On the other hand, if an observer were ablei 
to describe correctly the order of playing ckrds in a deck which had \ 
been thoroughly shuffled but jiot examined, prior to his description, 
we .could regard this as clairvoyance j. if he made his (correct) des- 
cription before the deck were even shuffled, ve could class the 
phenomenon as precognition. • , ^ . ' - 

There are some serious limitations to the use of this terminology, 
however 5 and it is not profitable to regard parapsychology as consist- 
ing of the .investigation of phenomena which fit neatly into the 
categories of telepathy, clairvoyance, precognition and psychokinesis. 
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For one thing, the categories are not so neat; e.g, , it is>^ not hard 
to* devise situations where the same phenomenon could be varioiisly 
interpreted ak^ belonging to several of these categories. Indeed, - 
even the distxnction between ESP and PK may at times appear highly , 
artificial, and there are psi phenomena that don't seem to fit com- 
fortably into either category Nor are the activities cf parapsychol- 
ogists narrowly confined by these categoric; various investigators 
are involved with psychic, healing,*^ out-of-body experiences, polter-:^ 
geist phenomena— among other things. Some researchers are actively ^ 
involved with the question of personal' survival , after bodily death, 
others view parapsychology as being ultimately concerned with the 
.nature of man, and of reality* But in all cases, insofar as they 
are functioning as parapsychol ogists , researcheris are pursuing a 
scientific approach to the .investigation^ of psi phenomena. 

. This should provide some_idea of what -parapsychology is; for 
emphasis, it may be helpful to consider a/few illustrations . of what 
parapsychology is not > Parapsychology is not some-^ort.of general 
catch-all for. the investigation of unexplained phenomena, of every 
stripe. The Bermuda Triangle, UFO's, Bigfoot, etc. are singly not 
part of the subject matter of parapsychology as we have defined it. 
Similarly, parapsychology is not to be lumped together with 
astrology, numerology, spiritualism, or any other occult system of 
bel ief ; in parapsychology as^-in aay science/(ideally at least) there 
i^Lno" pre-established dogma or prescriptive world-philosophy, and, 
a^ve^all, no hypotheses are seriously entertained which are in 
principle incapalrle of experimental falsification. Parapsychology 
is. the s cientific study of psi phenomena. 

Brief Outline of the History of Parapsychology 

There* are indications that psi phenomena have existed from the 
earliest times, but the first major effort toward scientific inves- 
tigation of these phenomena was begun by the Society for Psycfiical 

^ Research (SPR), founded in London in 1882. Three years later, under 
the aegis of William James, the American Society for Psychical 
Research was established. While some experimental work, was done by 
the early "psychical researchers" (mostly telepathy experiments), 
the major emphasis was on the authentication and^ classification of 
spontaneous cases of apparent psi phenomena. A full-blown experi- 

'iE?ntal approach was beguo-^ound .1930, with the establishment of a , 
parapsychology laboratory at Duke University under J. B. Rhine. 

The work at Duke was highly quantitative. -The. primary means of 
-testing ESP was via "card-guessing" experiments, involving decks of 
25 cards, each imprinted with one of fivie geometric symbols. The 
number of correct guesses on each run through the desk provided 
numerical data in a form which was particularly convenient to deal 
with using statistical techniques. < (Investigation of PK was simi- 
larly quantified using dice tumbling down a chute.) The methodology 
adopted by Rhine had a powerful -influence in stimulating experimental 
research in parapsychology. His basic techniques were used by a 
.number of independent investigators to produce an i.mpressive mass of 
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data supporting the existence of ESP. This was met with a careful and 
critical examination of the evidence by the scientific community in 
the 1930s, and various weaknesses in experimental procedure were indi- 
cated. These we^esses were eliminated in many subsequent escperi- ^ 
m^ts, but the controversy over Che existence of ESP was not tully 
resolved. _ 

For the most part, ' until the mid-1960s parapsychological research 
Was coticentrated" primarily in a single center— Rhine.' s laboratory; ^ 
ihis .is no longer the case. Also,„the card-guessing and dice throwing 
methodologies which dominated the early phase of experimental para- 
psychology have since been augmented by a wide variety of sophisti- 
cated experimental procedures. Acknowledgment of the, legitimate 
Status of the field came in 1969, when the American Association for 
the Advancement of Science granted official affiliation to the Para-^ ; 
psychological Association (an organization of professionals founded m 
il957). Some of the most exciting work in parapsychology has taken^ 
placa since that time, but nevertheless there is still some scientific 
controversy over the reality of psi phenomena. 



T he Controversy About Psi Phenomena . ^ 

Despite the prevalence o^Nreports. of spontaneous cases of psi 
phenomena tHroughout'lixstory, tlie traditional attitude of many 
scientists has been one of extreme -skepticism, even. to the point of 
out-of-hand dismissal. In the .1930s, however, the, experimental work 
jji parapsychology did receive the careful scrutiny which is essential 
for scientific, advance. According to P'onorton (1976, p. 200): 

The critical issues raised during this period were, for 
the most part, legitimate ones, and the" experimentalists 
were quick to modify their procedures to accommodate valid 
^ - criticism. By 1940 there was, if not a general concensus on 
the reality of ESP, at least a general concensus on xi^iat con- 
stituted a good ESP experiment. Yet despite the adequacy of 
manv of the experimental studies, conceded even by the lead- 
ing critics of the period, and despite the continued accumula- . 
t ion of new experimental confirmations, the active confrontation 
between establishment science and claims of the paranormal went 
, into hibernation for a decade and a half. 

In 1955, active criticism of parapsychology was renewed with the 
publication in Science of an' article by G. R. Price,, a meUical 
researcher who contended that psi phenomena are fundamentally incom- 
patible with . the basic principles of modem science. In his opinion, 
any extra-chance results in ESP experiments which -were not attribut- 
able to clerical and statistical errors and unintentional use of 
sensory clues should be regarded as due to "deliberate fraud or 
mildly abnormal mental conditions" on the part of the experimenters 
(a view which was subsequently retracted; Price, 1972). Price argued 
further that' while he had no evidence that the leading experimenters 
were guilty of fraud, if it were merely shown that they could have 
cheated, then we should be reluctant to accept the results of their 
experiments as providing convincing evidence for the reality ,of ESP. 
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This last idea was pursued in detail fey a more recent critic (Hansel, 
1966) who has tried to shofw^how fraxid coxild have produced the observed 
results in some of the classic ."ESP experiments. One parapsychologist 
(Thouless, 1972, p. 92) has c£Jmmented-^6n ^he situation: "It is clear 
that the evidence for ESP is strong, so strong that conviction of its 
reality csn only fee avoided by supposing that a- nuirber of apparently 
honest and reliable investigators^are deliberately deceiving the 
world as to their results." 

\ How "strong i£ the experimental evidence for the reality of psi 

•phenomena? Quite a few experiments of good quality have been ^reported 
in\ which the results obtained deviate very slgnificantly^from those 
expected if one denies the possibility of psi phenomena; indeed, where 
the\odds against similar results being obtained by chance alone are 
several hundred millions (or even billions) to one* On the:, other hand, 
such astronomical odds are generally obtained by carrying out a very 
large number of trials involving an effect which may scarcely be visi- 
ble in the short run. It has been the case that psi effects prodiiced 
in the laboratory have typically been weak, transient and not readily 
reproducible; statistical analysis may be required merely to detect 
the presence of \any effect at all. In such a situation^ where no 
satisfying, explanation of the possible mechanism of these effects is 
provided, it: is perhaps understandable that a. critical-minded indivi- 
duai^ woxild be reluctant to accept the reality of phenomena which ^ 
otherwise seem to him to be hi^ly implausible. Consider, for example, 
this statement byv^a psychologist: = 

Why do w^\not accept" ESP as a psychological fact? Rhine 
' has offered encnigh evidence to have convinced us on almost 
any other issue, \where one could make some guess as to the 
mechanics of the process. ...Personally, I do riot accept 
ESP for a moment, because it does not make seiise. My external 
criteria, both of physics and physiology, say that ESP is not 
a fact, despite the behavioral evidence that'> has ^been reported. 
I cannot see what other basis my colleagues have for rejecting 
it. ..Rhine may still turn out to.be right, improbable as I 
think that is, and my own rejection of. his view is, in a 
literal sense, prejudice. (Hebb, 1951, p. 45) 

Such a view ultimateljr involves some form of a priori rejection 
of the possibility of lisi phenomena.. Oft^en tHis is done on the 
groxinds that psi phenomena are incompatible with the. laws of physics. 
This argument carries some weight within the framework of nineteenth 
century deterministic physics, but in view of modem scientific 
developments, 

* , * 

the a priori claim that ESP violates specifiable^ laws of * . 
physics can, no longer be considered to be of more than 
. . .historical interest* ESP and other psi^^phenomena,; while^/ 
no longer incompatible wtLth physics, are not yet accounted 
for by ^physics; but then, neithar are the more familiar 
processes of memory and conscious experience. ^Hon&rton, 
1975, p. il2) 



What of the overall quality of the. research in parapsychology? 
One research worker (Morris, 1976, p. 303), commenting on the respon- 
sibilities of instructors teaching courses in parapsychology has 
remarked that 

Parapsycholo gists are very accustomed to viewing theia- 
selves .as a maligned minority group, the victim of intellec- 
tual prejudices. Yet in truth many of the attacks against 
the field do have sam^ solid basis. iMany of us still*do 
very sloppy work and indulge in naive theoretical meander- 
ings in' public places* This jmust be- acknowledged from the 
start. 

Granted, then, that some of the work in parapsydhology is^ sloppy* On 
the other hand, in the view of\ Collins and Pinch (1978) , whose special 
ty is the sociology of science,\ "It seems likely that the best of 
modem parapsychology . comprxses\ some of the most rigorously controlled 
and methodologically sophisticated work in the sciences." Collins and 
Pinch also believe that some of {the criticisms of parapsychology "seem 
visibly influenced more by ^ the desire to reject psi in particular, 
than by considerations of universal standards.. Thus many of the criti 
dsms would have a devastating effect if turned against parts of 
orthodox science." In particular, this is true of the accusation of 
widespread fraud, especially when this can 'T>e put forward without any 
empirical evidence that fraud actually took place." The traditional 
means of dealing with such a problem in science lies not in^tempt-, 
ing to design a "fraud-proof?' experiment (as suggested by ^Mce and 
Hansel), but. rather in seeking independent replication. - I- 

Actually, one of the recurrent criticisms of parapsychology has 
been a lack of replicability, a . failure to produce a "truly repeat- 
able" experiment; i.e., a sort of fool-proof recipe for producing psi 
phenomena that any competent investigator could use to generate his 
own evidence. In reply, parapsychologists have/ often pointed out 
"that the situation is not quite so simple; that unlike the macro- 
scopic phenomena we are faklliar within the natural sciences, psi 
phenomena are elusive and often seem to require a suitable psycho- 
logical climate, free of a critical-test\atmosphere or extreme 
skepticism. Critics are (understandably) not overly impressed with 
this argument. A different approach to this issue has "been taken by 
Honorton (1976) who examined the problc-i of replication in para- 
psychology in the larger content of replication of findings in the 
behavioral sciences generally, "^e makes an impressive case that in 
many instances the degree of replication in parapsychology is con- 
siderably superior to that in other areas where the results have been 
accepted without question. Thiis, by the standards of Replication, 
traditionally applied in psychology, it would seem that psi phenomena, 
(and various characteristics ^of psi phenomena) are very well estab- 
lished facts inSeed. Some additional weight may be leiit to this line 
of argument by recent work of Collins (1974, 1975) w^o>xamined the 
problem of replication in physics; specifically, in the detection of 
gravity waves and the construct'ion of lasers. His findings indicate 
that (even in physics) replication is. by no means a simple, routine 
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task; and Indeed, the very notion of replication is far from unainbig- 
uous« . Collins* work explores some of the ideas -of T. S. Kuhn (1962) 
on the nature of scientific controversy and the manner in which 
c^clehce advances. These ideas may be particularly relevant to para-- 
' psychology •. - 

As Honorton (1973, 'p. 118) remarks, it may turn out that the "ESP 
controversy" has less to do. with the -adequacy of experiments- in para- 
psychology than with the challenge posed to epistemological assun?>- ■ 
tions underlying western. science. We seem to be involved in a 
"paradigm clash": psi phenomena are anomalies in the prevailing 
reality view or paradigm. Uriless and tintil our world-view incorpo- 
rates the possibility of psi phenomena, we can expect the controversy 
:to continue. - . 

In any case, the primary concern of much of jtfae recent work in. 
parapsychology is not the demonstration of the existence of psi 
phenomena but rather the development and testing of hypotheses con- 
cerning the nature of these phenomena and the faptors which influence 
their occurrence. 



Some Current Trends in Parapsychology 

^ • ' . ■' ■ 

Perhaps one of the chief characteristics of the contemporary 
period in parapsychology is an extremely broad diversity in method— . 
ology. In addition to cards and dic,e, parapsycholo gists have utilized 
all kinds of specially devxsed equipment, as wellias such "standard" 
items as plethysmographs, magnetpmeters:,' electronic random nunber 
generators and sophisticated biofeedback' equipiaent. , Experiments have 
involved plants, yeasts, and enzymes as well as cats, rats, mice, 
gerbils, lizards, fish, and even cockroaches. -The following sampling 
of a few current lines of investigation will serve to indicate some- 
thing of the variety of the work being done. 

Not all of contemporary parapsychology is cbnfined to the labor- 
atory. The case-study approach to spontaneous occurrences of 
apparent psi phenomena has not been entirely abandoned (Rhine, 1961; 
Stevenson, 1970), and can be combined with an experimental approach 
by suggesting new hypotheses for testing (Stanford, 1974) . An inter- 
esting source of psi phenomena is the clinical setting provided by 
psychoanalysis, where telepathic and precognitive dreams seem to 
occur (Eisenbud, 1970). This, too, can lead to new experimental 
approaches ^Ullman, et al.-, 1973) • Some parapsychologists engage in 
'field ;investigation of reported instances of poltergeist phenomena 
and "hauhtitigs" (Roll, 1972; Maher and Schmeidler, 19.75) . ^Finally,., 
in investigating claims of unusual abilities of particular individuals, 
it is not aliii^ays possible to exercise the degree of control- attainable 
under laboratory, conditions (Eisenbud, 1967; Wilhelm, 1976) • , 

Most of ^ntemporary parapsychology, however, does involve exper- 
imental work carried out under strictly controlled conditions*, One 
traditional are^ of investigation deals with psychological factors. / 
A large body of ^data has , been gathered on the relaitionship of ESP . / 

performance to various factors— e.g. , personality traits, attitude, / 

• \' ' . •. . - - _ • '' 
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Interpersonal relationships . iJi th^-^^^. 

A^e:i5,orary goal to ^^Jj Sl J^^^f^ (Palmer, 1977). 

An example ©riuch "pWesr- J.. 
^I^t atte^^ts to, investigate vS SsP """"^""^ Provided by • 
•Into c^sciousness, and to opttg^/Se^f! J?^P°°s^ Mediated 
production of ESP. CBraurl 1«975-^ ^ '^^^'^^tions favotable to 

"free^respons^" ES? taslt^^ f ^ ^^^""^^ ^d-are provided 
an ESP target and is matched Wirst^aS^J^ "^"^^^ tised-^aT . 
• ol^^ ^Vbject's mental xt:^ ^^Z'''^''i°^^^ reports 

sensory and bodily stiitfiA., ll±^ ^hypothesized that reductSn 

«ons should facilitate ^ipV^eTl^^iJf'^'^^^^*^^ 
. cental processes. To ^^^^^ ^^t±on ix^a^d on ^s^ ' 

^.^""^ hypothesis. Moreover ^Z Zti ^^.i^'^"^^ states which 
S?"^; ^ ^^^iuci'.g the desired J^^^?;*^"^^?^^ these tech- 

introspective sf.ate reports viCji^^ff.^f monitored by comfainina 
braxn waves, muscle teJsSS)!^ P^^^^^^^S^^^al measurements Ce.^, of 

' ^^^'^--^S%;?^S.^- Physiological 

be^iS'^h: i^Si^r:^^^-^ ^rbr^Sdi^.??.T:i e%"^^^ - 

evidence thfrrT,! T, '^^*^°^ ^''^^^s^^ 

bv f^J^- - ^''^^^ ^^v^ 3c^^>itv of 1 ' is some 

dlf S^f ^ ^^^^^^ i^Sht in tIie^.^!3°f^\^^J«<^t can be influenced 

different room, yet the ST,K-{l»r>^ i..*^ mother person ^ 

^ This poi,,3 up'tL fact ?hat -viX^f tf °^ Response 

rp?L^s-i« p-|%^r^^^^^^^^^^^^^^^ ' 

^ level of -ogniti^^ fdS^^g-Jl^^^-o^^^^ 
«^w-r ■^'*'^^^*^» it has been suggested ^V,,^ „ . .. 

:sraT.:;^^ts"h^^f^^^ 

"out bew^-' P^?^^^ ^^^^ frSffl bei^^^ili^^^^^^^^^ ^^^^ Se^ve their . 
partiSftWL'T'^ --i^or":vJ,^°S^\^^sIc) with- 

Patxng in a parapsychq.^Logic^a^ experiment? ^J»ey*were 

aate ^^^^r ^^^^ °^ research Cvhich , ' 

fS n^od,: ^^''^^^^ P^i) i^vclve^ thS^s^^n? been employed to invest!- 
a IbvI^^ r^""^ ''^'^'^ processes.- iSe f^P^^sticated equipment 

people ?f> ^^r^^ Schmidt, .,hos^ ^Irl^ ^x^f J''^^ i^^iated by , 

people Cand perhaps animals) ^eem to ^ ^ ^^cperaaents indicate that ■ - 

o^er^:^^^^ Of ef^:S P^od^c'Stv 

otner random processes. Manv of his f Radioactive decav and 

automated (in terms of the^L^r^ipJ^^^!^^'''^ experiments ate '^Lr 
strong results T recOrdiPS analysis of A^i-^^ fully 



Jschnddt (1975) has also begun development of a mathematical mpdel ^ 
for psi phenomena. This last (along with examples cited earlxer; is 
Indicative of another characteristic feature of contemporary para^ 
psychology-, the development of low-order theories which can be tested 
experimentally. Attempts are also being made (Stanford, 1977) to 
-reconceptualize the basic nature of psi phenomena. 

Rationale for Including Parapsych oloe:^ in the Curriculum 

It "has frequently been observed that psi phenomena have tremendous 
potential significance. For example, in an^rticle highly critical^of 
parapsychology. Price (1955) indicated that ^SP, if genuine, would have 
Important practical applications. He suggested that given a group o 
siibiects with reliable (even though very weak) ESP ability it would be 
possible, using existing techniques of information theory, to develop 
^ ESP communication network which could traiismit information" as accu- 
rately as by telegraph" (although the transmission might require a _ 
relatively long time). He speculated that this could be put to practi- 
<al use in espionage, or in the development of an early warning system 
against surprise nuclear attack. While this last remains in the realm 
of speculation, the underlying principle alluded to by Price has been 
demonstrated on several occasions; e.g., in one such demonstration a- 
subject with weak but consistent ESP ability recovered five 3-di^t 
nun^ers with perfect accuracy (Ryzl, 1976, pp. 175-185) . Others have 
suggested the potential value of psi ability in medical .itagnosis and 
healing, as well as in commercial ventures. 

-Still, it seems fair to say that as yet there are no "practical" 
applications of psi phenomena. To put this in proper perspective, 
recall that a few centuries ago demonstrations of static electricity 
doubtless seemed as inherently trivial as the ability to score slightly 
above chance at a card-giessing task does today. The ultimate practical 
value of the principles underlying such phenomena is difficult to eval- 
uate in' advance, and easy to underestimate. 

Quite apart from direct practical application, deeper understand- 
ing of psi phenomena could lead to advances in other branches of 
science. At various times it has been suggested that the principles 
behind psi phenomena may be at work in other settings as well: m ^ 
evolution, in -embryological development, in memory arid creativity, m 
ordinary sense perception. For example, some of the leading neuro-. 
physiologists have (somewhat reluctantly) concluded that the brain is, 
in itself not sufficient to account for all the phenomena of mind.- 
Sir John Eccles "believes that ESP and PK are weak and irregular mani- 
festations of the same principle which allows an individual s mental 
volition to influence his own material brain, and the material brain 
to give rise to conscious experiences" (Koestler, 1972, p. 76). 

The whole question cf the nature of possible interactions between 
Mnd and body, between observer and environment, has been a central 
concern of physicists and philosophers as well as parapsychologists. 
In this context, the data of parapsychology could lead to a drasti- 
cally altered view of the nature of m3n and of reality— with profound 
^ implications. A leadin- philosopher, H. H. Price, has commented that 



"psychical ■ research is one of the most important branches of investi- 
gation vhich the hiiman mind has undertaken"; that it seems likely "to 
throw en^tirely new light upon the nature of human personality and its ' 
position; in the universe"; and that in time "it. may transform the 
whole intellectual, outlook upon which our civilization is based" 
QCoestler, 1973, pp- 139-140). 

In view of its potential significance, it wotild seem that para- 
psychology may well merit >3r-pl ace in the curriculum. The argument is 
str^gthened by the general interest that seems to exist in the topics 
dealt with by parapsychology, along with the tremendous amotint of 
misinformation available on these"^topics • Morriss (1976, p. 67) 
argues thath _ 

Youth are attracted to the occult, and with increased 
media coverage of the paranormal, there is a growing need 
for an educational program in the secondary schools that 
would not only give serious treatment to the sound research 
in parapsychology but wotild also offer the kinds of informa- 
tion and experiences that would help gullible adolescents to 
differentiate between serious scientific research in this 
field and the superstitious and pseudo-scientific claims of 
. various ciilts. 

In coxmection with this last, "inclxision in the curriculum of an 
appropriate unit on parapsychology woxild not only fill a desperate 
need for reliable information but also would provide an excellent path 
for the study of science. For one thing, •parapsychology is an area in 
which the need for careful experimentation" and critical judgment is 
paramount, hence it can serve as a powerful vehicle for demons't rating 
the methodological requiremoits of sound scientific research. On the 
other hand, since parapsychology has not yet been absorbed into the 
mainstream. of orthodox science, it provides a marvelous setting for 
illuminating important aspects of science that all too often remain 
in the background. r- ' 

For example, discussion of the controversy over the existence of 
psi phenomena can reveal, a great deal about the nature of "scientific 
controversy in general and the ways in which new evidence and ideas 
are introduced and absorbed in .science. This approach drives home 
the point that "science is not a monolith^ pronouncing truisms, but 
an ongoing process of disagreement, discovery, synthesis. and resolu- 
tion of conflicting positions and ideas" (Morriss, 1976,; p. 70) . 

Parapsychology can also serve as a means of opening minds to the 
possibility of new discoveries; to the concrete realization that our 
current knot/ledge of the world is far from complete. 

, The 'study of parapsychology also provides fine opportunities for 
displaying <and. cultivating) the open-mindedness, * critical judgment — 
and patience — required of any good scientific investigator. As one 
parapsychologist has remarked (Thoixi ess, 1972, p. 3), 

. The quality of mind required of a psychical researcher 
is not an inclination to believe in stories of the marvelous 



or an inclination to reject them, but a willingness to alllov 
the degree of his belief or unbelief to be determiued by the 
evidence and not by his prejudice or by his wishes, or by^ 
current fashions of thought. *\ 

■ - - \ 

" ' E«?A^ IN THE CLASSROOM v 



Educational Ob j ectives 's- 

In presenting a unit on parapsychology, at the secondary or callege 
level, ±t seems desirable place the subject in a larger context; A' 
rationale for such an approach has been indicated in the previous sec- 
tion. Stated succinctly, the chief objectives are as follows: 

(1) To present students with activities and information that will, 
stimulate critical thinking. Mo re^ specifically, to encourage 

/ the cautious evaluation of linusual claims in conjxinct ion with 

a willingness to remain open to new ideas and new ways of 
viewing the world. 

(2) "' To place parapsychology in the context of the development of 
science. This serves the dual purpose of prodding an appro- 
priate setting for examining the claims of parapsychology, 
and for studying the nature of scientific controversy. 

To provide reliable information about the current state of 
knowledge in parapsychology. And, in conjunction with thi^ 
to develop sufficient background to be able to evaluate 
intelligently the fall-out from an explosion of media 
• interest in the pfaranormal. ^ . > 

<4) To develop (familiarity with) the attitudes and skills pf a 
careful scientific investigator. Also, if desirable, to 
provide exposure to the hypothesis-testing methodology used 
in the behavioral sciences. 

Other goals can be set. Additional ideas on this, as well as 
suggestions for implementation, can be gleaned from McConnell (1971), 
Morris (1976) and Morriss (1976) . The last of these' also contains the 
results of a sinrvey of high school students pn their knowledge, atti- 
tudes and interest in parapsychology and may be h^pful in assessing 
strategies for attaining particiilar objectives. / The following material 
is intended to provide suggestions, for possible/ topics and activities 
for use in the classroom. 

Need for a Critical, Open-minded Approach /• ^ 

By definition, psi phenomena involve transmission of information 
by meansi other than the known sensory channels. Thus, to conclude that 
an ostensible .insftance' of ESP Is genuine, it is necessary • to make sure 
that the information was not communicated by sensory means. The need 
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for caution can be driven home by demonstrating dramatic : psx ' erreci:s 
vhicb are actually accomplished by trickery. At- least one parapsychol- 
oglst spends time at the beginning of his courses 

demonstrating various techniques for simulating psi, such as - 
^ muscle reading, trick blindfolds, stacked card^ decks, '-tele- 

^thy"xades^^~ai xJie nce->^t>ogesy~vari:ous-^eance'^^ - 

• • • bw to phrase and time public predictions, and^o on. 
Ifost students soon leaz3i that impressive psychic demonstra- 
tions can be faked surprisingly easily, and this sta^s them 
reevalxxating the process of logic by which they infer communr- 
ication in the world around them (Morris, 1976, p. 304). 

MDSt.>ooks on stage magic contain simple techniques vhich can be 
used to produce dramatic ps^udo-psi effects. A good source of tricks 
for use with a younger , audience is Rawson (1962); the first fw items 
in Chapters 5 and 9 are especially appropriate. Ryzl (1976, ^p. 14- 
15) contains a nice example of '^mind-reading." Christopher (1970) 
provides some, excellent material relating to the history of fraudulent 
claims in parapsychology. In this connection, see also^\T&oulcss (1972-, 
Chapter 7, as well pp.* 19-23,,.:3i-33, 41-42) and Wolstenholme (1969, 
pp. 131-155). Some suggestions on how .conteii5>orary parapsycholpgists 
may have been fooled are offered by The Amazing Randi (1975, especially^ 
Chapters 11, 13). , 

' Quite apart from deliberate depeption, instances of pseudo-ESF" can 
occur unintentionally': sensory cues can be transmitted and/or received 
without conscious awareness (Thouless, 1972, pp. 19-22). Such possibiJi 
ties can be eliminated in a careftilly designed experiment, but any-, . 
conditions which fall short of tight experimental control demand very 
close observation. Spme good rules of. observation are /given in Ryzl 
(1976, pp- 39-43). The limitations of our untutored obiiervations c^ 
bfe revealed not only by demonstrations of atage magic (where mis- 
direction and false assumptions nlay a key role), but by other tech-f. 
liiques as. well. Schrank (1972, j>p. 2-9) has a number of suggestions 
along the?- lines, including the follox^ng: 

Stage a 'surprise' event. - Have some person not in the 
class enter the room to make an announcement, call someone 
out of the room, start an argument, or simply walk across the 
room and leave. After the outsider h^s left, ask the class 
for an accurate description t>f the person in >rritiag; Ask [ 
specific questions, such as color of haiir, eyes, height, 
" clothing. Compare;the descriptions -iwith the. correct answers, 
and discuss the experience (p. 8)i ■ : 

Further ideas along the same lines may be found in Che book by 
Beveridge (1957, Chapter 8) , who remarks that "accurate observation 
^f complex situations is extremely difficult, and observers usually 
make maay errors of which they are not conscioi;^." 

One factor contributing to poor observatiotr is that our perceptions 
ate often dominated by our assumptions— we' see only * whar we^ expect to 
seg, and impose ^standard interpirerations on sensory^ data. Sometimes 
shock tactics help get this point across. For example y if ^ou hold a 



pencil horizontallT near one .end. (loosely between chunib and forefinger) 
aad jiggle it up and down rapidly » che pencil will appear to b^nade ^ 
of rubber. Other means for raising questions about, the raechanisa of 
-perception include optical illusions: a nice little book suitable for 
younger children is Carini (1970); another source of striking visual 
Itllusions Is Gregory (1970). In a slightly different vein^ 
(1972^ pV S^ffTTTffere oate'g al that c a u b eruged^^i-rex ^e a T-ln g b .iddm^ 
assumptions; these can be blocks' to creativity as well as perception. 
Adhering rlgidlv to our assumptions about reality- can serve as a 
barrier to ne»> ideas; many important advances in science would not 
have been possible without abandoning (at least temporarily), old ways 
- of looking at the world. i" : " . 

The Importance of 'being open to alternative ways of viewing the 
world is underscored by the realisation that bur basic perception or . 
reality is shap^ by a vari^y of factors (cultuSalv^<i physiological, . 
^ well as psychological). For example. Hall (1966, pp. 4A-45) points 
out that "space perception is act only a matter of whac'.can be >>er- 
ceived but what can be screened out. : People brought up in different 
cultures leif&^ss children, without ever, knowing that they have done 
so, to screen out oneltype of information while paying close attention^ 
to*another." He concludes (p. 181) that "there is no alternative to 
accepting the .fact that people risared in different cultures live ia 
different 'sensory worlds." He provides fascinating examples of this 
throughout his - book (but ^especially ia Chapters 7, 11, 12) . Alternative 
world-views can be explored throagh a variety of means, including the , 
enormously popular writixtgs of Carlos Casttoeda' (1972, 197A), the 
delightful scicace fantasy Sghereland (Burger, 1968), or the "rela- 
tivity parables" offered by Sch rank.. (1972, pp. 174-176). 

' • ♦ - - - . ' 

The world-view of nost people is probably quite different from 
that of a physicist (or a mystic) and is certainly different from 
that of a blixid man or an insect; yet too often we identify reality 
with our individual perception of it. Omstein (1972, pp. 20-21) 
points out that 'W cannot possibly -experience the world as it fully 
exists— we would be overwhelmed. We are restricted by our physical 
evolution to only a fe- sensory dimensions. If we do not possess 
*sense" for a giv.&n energy-^c*'"^ '-^ do„not experience its exisr'^f-e ' 
And when we do possess such "a sense. It may be extremely limit t :- ►i- 
the human eye can detect light in what amounts to only a tiny sli* .n 
the electromagnetie speccrus. . Consider the following demonstration : 
bring a radio to class and tum it on so that the room Is filled with, 
music; then find out how many people are comfortable with the idea 
that the. music was (in a genuine sense) already present in the room 
before the radio wa^ -turned on — indeed, ^ that it was in the room even 
without the radio at all. The extent of the (anticipated) disco:^Eort 
may lend some substance to ^the following remark (Koestler, 1973, pp. 
127-128). "I^e are surrounded by , phenomena whose' existence we stud- 
iously ignore;.or, if they cannot be ignored, dismis?>as superstitions. 
. Until the thirteenth century, *man did not realize he was surro^ded by 
magnetic forces. ^Ipr do we have any 'direct" ser?js:ory awareness of them; 
'nor of the showers of neutrinos which traverse Us; nor of other 
unknown 'influences'," 
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' Students ad^t lilce to speciOate on how our view of .reality would 
be altered if a sort of '^psychic lodes tone'V were discovered which 
revealed the presence of psi phenomena in nwch the sauie way as a 
natural laagnet gave sotae^awaxtoess of the existence of^gnetic forces. 
Another topic for speculation: suppose psi phenomena were genuine, 
widespread and (ulMtssately) controllable; what consequences would^ 
-this h^ve for our society? . 



Science and Parapsychology 

It is Instructive to place the claiias of parapsiychology in the 
context of the history of sci^tific discovery. One good topic involves 
aflL exanitnation of the way in which some important ideas in science were 
Initially received. "Many discoverers of unexpected properties of the 
physical world h^ateJifi^n^aughed at, inuch as students of ^ESP are laughed 
at today. Leibnitz hlimseif wrote 'of the theory of gravity: 

That one body should attract another with no -intertD^^ary 
is not so much a miracle as a sheer contradiction, for 'tis to 
suppose a body can act in a place where It is not. ' And when 
it came to research into elect ro-joagnetic phenomena, Calvani 
was ridiculed at first for his interest in the twitching legs 
of a frog, Rontgen for his discovery of x-rays and Becquerel 
for suggesting that uranium salts could emit" radiation^. Then, 
in 1901, cane Marconi's wild idea of sending wireless signals 
from Cornwall to- Newfoundland. Jlen still living remeober. how 
contemporary .scientists laughed at that- 'The earth is round/ 
they said, 'and radio waves go straight.' One of them 
remarked that Marconi's fdea was a^ sixiy as thdt of telepathy. 
Soon afterwards the Heaviside layer was discovered (Heywood, 
1964, p. 31). ^ - 

Further examples of this sort can be found in Beveridge (1957, Chapter 

9). ' ^ 

A related theme deals with ^the, way in which controversy is dealt 
with in science. JlcConnell <1971, pp. 69-70) points out that until 
1800 the highest scientific authorities, including Lavoisier, thought 
there were no* such 'things as meteorites. • * - ' 

After all, there are no stones in the sky; so stones " 
cannot fall out of the sky. Only a superscitidUs person 
would believe in meteorites. .Eventxxally, of course, 

the leaders of science decided that meteorites do come from 
\ outer space and they revised> the textbo,oks accordingly. 

But, in 3oing so they forgot to mention that there had ^ ever 
been any argument about the matter. 

this last may be typical of the progress of science; to some extent 
history is rewritten with ;:he textbooks — which present only our . 
current understanding and give little indication that longstanding 
arguments abound in science. Moreover, the resolution of scientific 
controversies is not always a .simple faatter of rational thought guided 
by hard evidence. E-g-, >Iax Planck, yone cf the founders of modern 
physics, coimnented that "a new scientific truth does not trius?>h by 
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convincing its opponents snd making them see the light but rather 
because its opponents eVentually die, and a new generation grows up 
that is familiar with it" (Kuhn, 1962, p. 150>, 

id the view of the historian of science Thomas Kuhn, scientific 
development should not be regarded as a process of steady accretion 
ff£ factual knowledge; rather, the fabric of science is periodically . 
reshaped by the incorporation. of revolutionary new ideas. For . 
exaii4>lc, it is clear that at various times in the past, science has 
induiicd bodies of belief quite incompatible with the ones -we ^ hold 
today; our current perspective is the. product of a series of "scien- 
tific revolutions." Such revolutions are initiated by discoveries of 
^omalous results which are in conflict' with the prevailing world-view 
Smder which science is operating; resolution of the conflict ultx- 
.%iately involves the adoption of a new scientific "paradigm, a new 
- world-view. Major revolutions' of this sort were associated with the 
Adoption of the theories of Copernicus, Darwin, ^Einstein— to name a 
few. It has been "suggested that the data of parapsychology may 
precipitate vet another scientific revolution of comparable magnitude. 
At any rate,' Kuhn *s ideas shed an interesting light on the co,ntroversy 
over psi phenomena and, conversely, parapsychology^ can be .used as a ^ 
case study- for examining Kuhnian views on the natiire o'f scientific 
controversy. More on this can be found in Kuhn (1962), McConnell 
(mS), Tart (1966), Omstein (1972, Chapter 1), Stanford (1977). > 

- . Another worthwhile topic -is the compatibility of parapsychology 
with physics. This is treated in the very readable books of- Koestler, 
(1973) and LeShan (1974a) . The latter also examines the analogies 
between the world-view of -contemporary physics and that of mysticism; 
this last is also the subject of the excellent book by^apra (1975). 
For those interested in the connection of parapsychology with the life 
sciences, we recommend the survey article by Moiyis (;.977) portions 
of the book by Randall (1976)- and the articles by Grad (1967) and 
Eisenbud (1976>.- . " ^ 

Evaluating the Evidence in Parapsychology . ^ 

The following includes some sources and activities which can be 
xjsed-in engaging in a critical examination of the evidence for psi 
phenomena. This should be placed in the larger contex't of developing 
sufficient backgroimd 'and judgment to be able (at least) to distin- 
guish between serious scientific 'work in parapsychology and the mass 
of unsubstantiated claims and pseudo-scientific activities that 
dominate the information on psi phenomena available through the public 
media. ^ - . 

Reliable general information about parapsychology can be found in 
the readable books of Rhine (1975) and Pratt (1973).. Also, Wilhelm - 
(1976) has written a popular book which provides an excellent example 
of an open-minded but critical approach to exairining recent clidms. 
A brief survey of some' of the stronger evidence for psi phenomena, is 
giv^ in Thouless (1972, Chapters 8 and 10). A more detailed examina-- 
tion of the classic evidence can be based on the material in Murphy 
and Dale (1961)'. Professor R. A.' l^cConneil has prepared "An Evidential 
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Bibliography of Parapsychology" intended for skeptical scientists 
interested in sampling the experimental literature in parapsychology; 
single copies can be obtained by writing him at this address: Bio- . 
physics and Microbiology Dept., University of Pittsburgfi, PA 15213. 

' \ ■ ■ ■■ 

Surveys (by parapsychologists) of the major criticisms of the 
evidence for psi phenomena can be found in Hbnorton (1975) and Ransom 
(1976); see also Thouless (1972, Chapter 11). Interesting discussions 
can be based on the critical article of Price (1955) and the various 
rejoinders (Soal, Rhine, et) al., 1956) which appeared in Science . 
These are available in pampnlet form from the Bobbs-^Merrill Company 
in their Reprint Series in t^e Social Sciences, P-279. Other sources 
of criticism are Gardner (1957, Chapter. 25) and Hansel (1966). The 
appendix to Honor ton, Ramsey and Cab ibbo (1975, pp. 139-149) provides 
an interesting case study of some contemporary criticism. 

With regard to activities for developing critical judgment^ Mbrri's 
(1976) mentions several techniques he employs in his parapsychology, 
courses. Throughout, he utilizes two texts, one' positive and one 
negative, and assigns comparable readings from each. "This helps the 
students to" retain a balanced view and also iserves as a constant 
reminder that gifted writers can be emotionally persuasive without 
necessarily being factually accurate" (p, 305) . Another idea was "The 
Airport Project," in whicli students selected paperback books of the 
sort found on newsstands at airports — in this case, ones that empha- 
sized, techniques for psychic development. The assignment was to do 
a book rtiport which would review in some detail "the exact procedures 
for becoming a psychic as outlined in that particular book-, and then_. 
criticise it with respect to what we've covered so far in class" (p. 
311). A favorite exam question asks students "what they would investi- 
gate and how they would do it if they were members of a iJader's Raiders 
task force assigned to parapsychology," the aim being to help people 
avoid being easy prey to° "psychic rip-off s" (p. 307). 

In this contextv^^it^eems worth noting that the claims of commer- 
cial "ESP training" and "mind control" programs have been largely 
unsubstantiated; for a. critical review, see Stanford (1976). There 
are other claims which have gained popular attention which are not 
well supported by experimental evidence; examples which may be* worth 
examining critically are "primary perception"_in plants (Kiaetz, 1977) . 
or "pyramid power." Another topic on which there is a lot of popular 
misinformation is parapsychological research in the Soviet Union; 
reliable information can be found in the article by Pratt* in (Wolman,. 
1977) as well as in (Ryzl,- 1976, pp. 199-212) and <^ratt, 1973, 
Chapter 3). 

Conducting Your Own Experiments 

As Loui-sa Rhine <1975, p- 218) comments^ "It is 'not easy .to prove 
that psi exists but, oddly, it is not difficult to try," and "both 
individual and classroom experiments are easy and fun to make and 
need, not be at all complex." Her book includes brief but detailed 
instructions for conducting a variety of standard card-guessing tests, 
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along with some helpful comments. She warns that "because the level «, 
of scoring is likely to be low, it is generally necessary to repeat 
the tests a number of times. This is where boredom comes in,--and it 
is a killer" (Rhine, 1975, p. 219). Indeed, the dull, repetitious 
nature of card-guessing tasks, combined with the lack of insight they 
afford to the percipient, has led many parapsychologists (e.g.. Tart, 
1966) to question their efficacy. The main advantage of such tests 
is that they are easy to prepare, administer and evaluate. There are 
alternatives suitable for classroom use that share most of these 
merits, which may prove less boring. 

One minor variation is to replace the cards by more suggestive 
materialj e.g., pjiotographs could be used. Each photo could be either 
in color or black-and-white (guess which)," .or the subject o.f each photo 
could be male or female, cheerful or unhappy, etc. Some, ideas on this 
can be-found in Ebon (1971, Chapter 5). In a different vein, ESP tests 
reminiscent of the game of "battleship" can be devised. , In one- version 
(Honofton and Barker, 1976), one square of a five-lJy-f ive grid is 
selected at random and designated as target; the subject tries to 
"guess" which one. By a subterfuge, the results can be scored in 
essentially the same manner as card-guessing. (Namely, regard the task 
as consisting of two separate guesses: one 'for the row, containing the 
target square, another for the column. This is equivalent to attempt- 
ing to guess the symbols on two cards, where each card contains one of 
five possible symbols. Just as a card-guessing test ordinarily involves 
more than two guesses, here, too, more than one target grid should be 
'prepared in advance.) The procedure lends itself to group testing, 
where (for each target) every member ..of the group is provided with a 
separate copy of the grid on which to record his guess. 

■ Several tests designed for use with children are given in the^bock 
by Ebon (1971, Chapter 4). More of these, along" with a nunber of ESP 
games can l)e found in Ryzl (1976, pp. 121-134); Ryzl also presents 
detailed procedure's for a variety of psi experiments (pp. 76-102). A 
very careful description of proper experimental procedure for card- 
guessing tests -is provided by McConnell (1971, Appendix 4). 

' A radical departure from the card-guessing type experiment xnvolyes 
the use of "free-response" methods. In one.. clas^sic approach, an agent 
draws a simple "target" picture, and the subject (located elsewhere) 
makes his oxm drawing; the results are subsequently compared. A long 
series of informal experiments of this sort was conducted by. the 
novelist and social reformer Upton Sinclair, with his wife as\ subject. 
Many genuinely striking results were obtained. and are described in the 
book Mental Radio (Sinclair, 1971; see also McConnell, 1971, pp. 71-78). 
Since the subject's drawings may not bear any remarkable resemblance 
to the target picture, proper evaluation of the results of such an 
experiment may require "blind" matching of drawings by an independent 
judge. A suitable judging procedure, along with detailed instructions 
for conducting a'^picture-drawing experiment, is:given''by McConnell 
(1971, Appendix 3). . 

, Another type of free-response test has the siibjecj^ provide a 
verbal report of his^impressions rather than a drawiag. Generally - 
the target consists of pictorial material, such as magazine photos. 
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-art prints, vieimaster reels. In evaluating the results here, a good 
alternative to -blind matching of verbal reports to actual^ targets is 
to have -the subjects themselves rank order a small set of materials 
consisting of the real target and several pretenders, Th^ the same 
statistical procedure used in evaluating card-guessing can be 
employed here (e.g., a correct "guess" coul^ correspond to ranking 
the actual target Ua first place) . ^ ^ 

Free-response experiments seem to be most effective when combined, 
with techniques designed to enhance ESP perf oirmance* An excellent 
review of the internal procedures utilized by successful subjects 
(such as Mrs. Sinclair) in developing their abilities is given in 
the article by White (1964); reprints can be obtained f rota the 
American Society for Psychical Research. Use of various meditative 
techniques may also be helpful. LeShan (1974b) has written an^ 
excellent practical introduction to meditation. Various methods can 
also be employed by the experimenters to assist sxibjects in arriving 
at "psi-conducive" states. For example, the subject can be given 
Instructions for progressive relaxation; relaxation exercises suitable 
for tise with children, as well as adults, can be found in Hendricks and 
Wills (1975, Chapter 4). A more dramatic, and perhaps more effective, 
technique involves inducing a mild form of sensory islDlation: a uniform 
visual field Xganzfeld) can be created by placing halves of ping-pong 
balls on- the "subject's eyes; a monotonous :background sound can be pro- 
vided through stereo headphones. Under these conditions, subjects 
often experience a pleasant state characterized by an increase in spon-? 
taneous mental imageryi The paper by Terry and Honorton (1976) contains, 
a detailed procedural description of a verbal free-response experiment 
using the ganzfeld technique; included are - some striking examples of 
correspondences between targets and subjects' reports. 

Another way to enhance ESP performance generally is to provide a 
suitable atmosphere. McConnell (1971,. pp. 54-55) points out that in 
.parapsychology "aside from the mechanical arrangements, the main 
responsibility"^ of the experimenter is to try to establish the unknown 
psychological conditionis for succei^s. ... The mechanical procedures 
necessary to eliminate the possibility of error and fraud must be made 
as unobtrusive as possible. Preferably the entire procedure should 
appear as a game to the percipient." And, in commenting on the role 
of . the experimenter Pvhine (1976, pp. 218-219) remarks' that "stjbjects 
are affected very much by the atmosphere he radiates.^ It .must be the 
kind that stimulates the subject to want to perform 'well while it puts 
vhim at ease and^makes him comfortable." There is good evidence (Honor- 
ton, Ramsey and Cabibbo, 1975) to indicate that subjects tend to do 
better when handled by an experimenter who is friendly and supportive, 
rather than one who is abrupt and unfriendly. 

This last provides an example of a hypothesis about psi phenomena 
that students might like to test, father than merely trying to demon- 
strate the existence of ESP. Other exaitples: do people who believe • 
in the possibility of ESP tend to score better than those who don't; 
does relaxation (or meditation) ' tend to improve performance on ESP 
tests? Additional ideas of this sort can be - found in Rhine (1976, 
pp. 225-236)^ Ryzl (1976, pp. 103-108) and Thouless (1972, pp. 79-82 
and 123-124). 
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" Proper evaluation\f the results of experiments in parapsychology 
generally requires the u^e of statistical techniques. This may provxde 
an opportunity to acquaint students with the. hypothesis^tes ting method-^ 
oloey employed inr the behavioral sciences. On the othei< handr-^McConnell 
points out (1971, p. 10) that "it would be regrettable if the students 
were allowed to acquire a misconception about ESP that is common among 
scientists^ namely, that .ESP research is a matter. of routinized card- 
gucsslng plus elementary probability theory." The point being^that 
"statistical method, although commonly used iii this research, is 
merely a tool made necessary by the fact that in most ESP experiments 
the effects are too weak to be recognized by inspection (McConnell, 
1971 p 10) . ■ At any rate, the' statistical techniques needed can be 
found in the following- sources^ ' Rhine (1976) and McConnell (1971) 
provide just enough informatipn to evaluate the experiments they _ 
describe. Ryzl (1976, pp. 135-150) has a somewhat more extensive dis- 
cussion. The book by Weinberger and Schumaker (1974) provides an 
excellent introductory treatment of statistics, although not specif i- 
-cally oriented towards parapsychology. For the. latter, consult the 
chapter on statistical methods £n\the Handbook of Parapsychology ■ 
(Wolman, 1977) as well as the articles of Stanford and Palmer (1972; 
and Zenhausern (1974). 

RESOURCE miERIALS IN PARAPSYCHOLOGY 

For anyone involved with J:he teaching of a unit on parapsychology 
at the s.econdary (or college) level, probably the most helpful" all- • 
around reference is the ESP Curriculum Guide (McConnell, 1971). This 
small book contains a useful annotated bibliography cf "hard-core 
parapsychology, as well as some very good material illustrating how 
parapsychology can be used in studying science. Anothe-r valuable 
source for teachers is the symposium on Education i n Parapsychology 
■edited by Shapin & Coly (1976) . Of particular interest are the papers- 
contributeii by James Morris s and Robert Moris (cited separately in, our 
reference list) . The first of these descrilses a module in parapsychol- 
ogy which was being -developed for u^e in secondary schools, and the_^ 
second is based on the author's experience in teaching college courses 
in the subject. These two books are useful in providing ideas for 
curricular material in parapsychology; reliable information on the 
subject can be obcained from the sources mentioned below. 

A sound introduction which is aimed partly at a younger audience 
(junior high on up) is - PSI. What Is It? by Louisa Rhine, the wife of 
J. B. Rhine. This book is a good antidote to the dry technical ■ 
accounts with "all these big words" that c?n dampe-i enthusiasm for 
even so. fascinating a subject as this. Xfrtlle- never sacrificing 
accuracy, and always emphasizing the need ^?nr careful experimentation, 
Mrs. Rhine~ takes pains to hold the reader's interest. The book is 
liberally sprinkled with accounts .of spontaneous occurrences (which , 
are regarded as suggestive rather than conclusive) and even the ' 
experimental work is often described in a mildly anecdotal style which 
makes for a pleasant reading experienceri 
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^sAn excellent book for the intelligent general reader is ESP 
Research Today by J> Gai^her Pratt, one of Thine's early co-workers. 
Pratt gives a very fine overview of parapsychology and provides some 
insight into what it's like to be a researcher in the field. His is 
a solidL little book which manages to' present a lot of information in 
a short span, and still remain highly readable and' enjoyable. 
Despite the subtitle "A study of developments in parapsychology 
since I960," it should be kept in mind that this is not quite an up- 
to-the-minute account; interesting developments have occurred since 
the book appeared in 197lf. Some of these developmants are reported 
In the recent book by Tart (1977). 

' -Two popular books are available which describe very recent work 
(e.g., on "remote viewing"^) done at Stanford Research Institute: Mind- 
Reach and The Search for Superman . The, first is written by physicists 
Russell Targ and Harold Puthoff, who conducted the research; the 
^ second by jour^alist John Wilhelm, who set out to examine their 
claims. Both books are readable, interesting — and worth comparing. 

Another recent book is Parapsychology and'^the Nature of Life , by 
John Randall, a biologist. The first part of this one is concerned 
with religion and^, science, and the author traces the roots of the 
materialist view implicit in much of modem scientific thinking. 
His belief is that the findings of parapsychology may lead to a broad- 
ening of our concept of reality and the reinstatement of religious 
values. The. second part provides an excellent survey of parapsychology 
(through 1974), and a third part examines some of the implications of 
these results. * 

A very fine book which provides a more detailed view, of early 
'^!psychical research," as well as^ some, theoretical speculations on 
the nature of psi phenomena is Beyond the Reach of Sense , by Rosalind 
Heywood.* Mrs. Heywood is an unusually lucid" thinker, a talei^ed . ^ 
writer — and a gifted\"psychic." She has also written a -fascinating 
autobiography, ESP: A Personal Memoir , which' provides insight into 
spontaneous psi phenomena from the vantage point of direct personal 
experience. ^ ' 

For the serious reader, a good casebook is Gardner Murphy's 
Challenge of Psychical Research . The intent here is ,"to show what 
psychical research is by giving documented examples of the kind of 
data- available. . .and asking always this one recurrent question: 
•What can a thoughtful reader think about these things?^' (pp. 5-6). 
The material here is largely drawn from ''classics" in parapsychology. 
A 'more current source of technical information and state-of-the-art 
surveys is the authoritative Handbook of Parapsychology edited by 
Benjamin Wolman. v . ^ 

The very serious reader may wish ro $aii5)le the literature in the ' 
Journal of Parapsychology , the Journal of ^ the ^American Society for 
Psychical Research, or in Research in Parapsychology . This last 
represents the proceedings: of the Parapsychological Association and 
contains much, valuable information- on current research activities. 
It is published annually in book form, and since the same publisher 
also produces other' important works in parapsychology, the address is 



given liere: Scarecrow Press, 52 Liberty ^Street , P.O. Box 656, Metuchen, 
New Jersey 08840. Another organization which publishes an anntial sym- 
posium (and which maintains an extensive parapsychology library avail- 
able for public use) is the Parapsychology Foundation, 29 West 57th 
Street, New York, New York 10019^. 

A very extensive annotated (and thoroughly cross-referenced) biblio- 
graphy is provided, along with other useful information on the field, 
in Parapsychology; Sources of Infor^tion , compiled by Rhea White and 
Laura Dale. Another liseful book in the same vein is Robert Ashby's- 
, Guidebook for the Study of Psychical Research, , which contains a separate 
bibliography for '^beginning students." '"V 

Useful information on parapsychology is available from several . 
agencies. One of these is the Education Department of the American 
Society for Psychical Research, .5 West 73rd Street, New York, New 
York ' 10023. Upoi^ request they will supply an information sheet on 
studying parapsychology, as well as a listing of available 'educational 
materials. These materials (such as ESP cards, and an annual list of 
"courses arid other study opportunities in parapsychology," as well as 
various bibliographies and' articles) are available at. a moderate cost. 
Materials . can also be. obtained from the Institute for Parapsychology 
(the successor to. the Parapsychology Laboratory at Duke University) 
.at* the Foundation for Research on the Nature of Man, P.O. Box 6846, 
College Station, Durham, North Carolina 2770*8. The* Parapsychological 
Association has an Information Service Committee which can be con- 
tacted tjj^fough Howard Zimmerman, Executive Secretary, Parapsychological 
Assetrlation, P.O. Box 7503, Alexandria, Virginia 22307. Aether 
source of information^ aimed primarily at educators, is ISPB (Inf orma- 
,tion Services for Psi Education), P.O. Box 2221, New York, New Yotk 
10001. 

-v-A . special exhibition on parapsychology, PSI- SEARCH, is touring the 
country. The itinerary includes various museums' and universities; £ot 
information vrrite to Smitl^onian.Trav-^::ing Eadiibition Service, Washing- 
ton, DC 20580. The -exhibition has' been highly praised, and a recent 
book based on this material (Bowles & Hynds, 1978) should also be good. 

'A nunfcer of films on parapsychology are available for rental; >. 
probably the best two are "To Solve the ESP Mystery" and "Psi: 
Boundaries of the MirSi." Both are suitable for higfi school (or- 
adult) audiences. The first is available from Document Associates, 
Inc. , 880 Third Avenue, New York, New York 10022; the second, from 
BFA Educational Media,. 2211 Michigan Avenue, Santa Monica, California 
90404. . 

The items included in the list of references have been selected 
primarily on' the basis of utility and reliability. Many other books 
on parapsychology are readily available; some are good, others are 
mediocre and many are crammed with misinformation-^so caution is 
advisable in, selecting unknown "^laateriar. 
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According to George Abetly ASTROLOGY is; an ancient religion which 
wiU be resr^ted hu most intelligent students once they iv-uierstand what 
it is and hc^ it differs from science. . Vha^ he does in this paper is 
^t^ent the ,infor:ruztion necessary to an ^understanding of the native' 
[of ASTROLOGY. ^ v., - S * 



ASTROLOGY > 
George 0. >Abell 



HOW DOES ONE DEAL ^vTTH ASTROLOGY? 

By injr own polls, and those of lay colleagues across th^ country, I 
estimate t:;j7;at about , one- third of alj^ Aiaericans have, a positive belief 
la astrology,, and that 90 percent of them are at least open-sninded 
toward it — which means that they "do not. reject it as an outmoded con- 
cept like the idea of a flat earth. Thus science teachers can hardly 
afford not to understand astrology, and to be able to\put it in per- . 
spective* • . , 

Why, in an age of advanced technology/ should so many people- still 
ding to an ancient religion? In part; because astrology purports to 
tell us something about ourselves, and all of tis are interested- in our- 
selves. Many of my colleagues have- suggested that acceptance of 
astrology is also in pare a rejection of the traditional; scientific 
disciplines. ^Sore important, though, T think it is becaiise astrology 
is presented in the name of science by its modem practitioners, and 
Host people simply are not equipped to tell the , difference. 

In fact, astrology was never a science. It was nev4r based on 
any kind of investigation or exploration of natural phenomena. It was 
-always, as %z is now, a religion— based on^-&^3^gical correspondence ^ 
between the gods of antiquity and the. planets that bear their names, i 
These ideas, however, were not incredible to people of 2000 years ago,^ 
who regarded the earth as made of base material — the four elements ^ 
(earth, air, fire aind water) and tl-^e heavens- xo3^--something quite 
distinct, crystallineT^erfect , immu£^i>4e:r^ndeed it was the time of 
Jlewton before it Vas app^reciartea^^at the laws of nature -apply to the 
-celesti^ world as well as to the terrestrial one. The role of the 
stm in influencing our daily and yearly lives is obvious; it was a 
natural -extension to attribute other powers to the other planets a^. 
well. In any case, during antiquity all great 'scholars believed x\ 
astrology. ^ ^ 

Astrology began approximately 1000 B.C. in Babylonia, whose 
people associated the planets with their deiti^. Babylonian astro- 
logy is what we call' mundane astrology — it applied to monarchs and 
kingfdoms, but not to ind^^vijduals- Astrology sprted from Babylonia 
in the sixth century B*C. ^d reached as far east as India, where it 



flourishes today. The" Egyptians, iDeanwhile, developed their own kxnd 
of astrology. But the asrrology practiced today was^ developed largely 
by the Greeks, who synthesized the ideas of , the Babylonians and 
Egyptians and enriched ■ then with^ concepts froa their own fertile 
imaginations. 



ViHAl' ASTPDLOGY IS ABCUI- 



The Fixed and Wandering Stars " . 

To understand astrology, we must first taki a look at 'the sky. ^ . 
Today we know that the stars extend to enorrnous distances from us , but 
" the sky certainly gives the impression of being aT sreat hollow^spnere 
with the stars affixed to its inner surface. Indeed, peo?j.eyo^ 
antiquity believed in the literal existence of such a celestial sphere. 
The stars themselves seemed to maintain fixed patterns on this sphere,- 
and many of these patterns were named in honor of the characters ^ and ,. 
aninals of mytholo'gy. Today we still recognize these star groupings 
by the. Latin translations of the names given them by the Greeks, such, 
as O»ion, Sagittarius,, and Scorpitis. 

Because the earth rotates, the celestial sphere appears to ^t urn . 
around us each day, pivoted at points on a line, with the earth s axis ,. 
•of rotation. This daily turning of the celestial, sphere carries the 
stars around the skv. causing most of tham to rise and set, but still 
the star groupings, the constellations, maintain their fixed patterns 
just as the continent of Australia maintains its shape on a spinning 
globe of the earth. 

How on any given day the sun occupies a nearly fixed place on the 
celestial sphere, ^o the turning of the sphere carries the sun above , 

^the horizon in the east in the morning and to its setting in the west 
in the evening. The glare of sunlight hides the stars in daytime, 
course, but the ^ancients were aware that the stars are up there then 
even^ they are at night. Moreover,- the ancients knew that the sun 
slowlyiioves on the celestial sphere, causing different stars to b^ 

\jap at night during different times^of the^year. This apparent motion 
^ the sun is simply a reflection of the earth's annual revolution 
about it: -as we tfee-the sun from different places in our orbit, it 
apparently passes in front.. o/ different ba6kground stars during th^ 
year-- This -annual path cf the sun around the celestial sphere is 
called the ecliptic . Each day the sun moves about one degree along 
the -ecliptic. During the course of a month, it moves about 30 degrees. 

The moon, revolving about the earth each month, also has an inde- 
pendent mfction in the sky. The moon, however, changes itsi^position 
relatively' rapidly. Although it appears to rise and set each day, we 
can see the moon changing position with respect to the background of 
s-ars during as short an interval as an hour or so. The path of the 
moon around the earth lies nearly in the same plane as the earth s patn 
around the sun. It is tilted at only about 5 degrees, so the moon is 
"never seen very far from the ecliptic in the sky. , ^ 
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There are five* other objects visible to the naked eye that also, 
appear to move Wlrh respect to the fixed background of stars on the 
celestial sphere. / These are. the planets Mercury, Venus, Mars, Jupiter 
and Saturn. All of them revolve about- the sun in nearly the same 
plane as the earth does so they, like the" moon, always appear near 
the ecliptic^ Because we see them from the moving earth, Jipwever, 
•the .planets behave in a somewhat complicated way, their movem^ts 
be jfiife reflections both of their own independent motions about the 
stm and our motion as well. 

" Todays we know the sun is a star, typical among the myriads: of 
ti^tars we see in the sky, that . the moon is a satellite of the earth, 
and that the other planets, are worlds much: like the earth. To the 
ancients, however, the sun, moon and other planets all had one thing 
in common that distinguished them from the fixed stars: they change 
positions gradually during the days, months and. years. Thus the sun, 
moon and other planets visible to the naked eye were all' called - 
planets in antiquity; the word planet is 'Greek for **wanderer." So 
there were the fixed stars and the wandering -stars. Althougji" the 
planets, or wandering stars, had independent motions that in some 
cases vere evidently quite complex, even the ancients recognized a 
regularity in those motions. 

O 

Planets and Qods 

The Greek gods vere immortal but otherwise had the same attributes 
of anger, happiness, jealousy, rage and pleasure as humanis did. And 
these same attributes were assigned to the planets that-either were the 
gods, were their abodes, or at least represented them. Each god, and 
thus each planet, served as a center of force but how that force pre- - 
vailed depended on Kow it was tempered by the effects, of other gods. 

Now, if the gods were' capricious, at least, the planets were 
potentially predictable in their movements. -It was natural, there- 
fore, to attempt to zmderstand the whims of the gods by understanding 
the motions of the planets. Because ^our own lot in life is so unpre- 
dictable, it must be purely at the mercy "of the gods. But if the gods 
are the' planets^, or at least somehow associated with them, we have 
only to learn* the rules of the motions of the planets to'^derstand 
the whxms of tfie gods and jiow they shape our own lives. 

I ' ' * . ■ ■ 

As the Greek astronomers learned more about the motions of the 
planets in the sky they felt they were learning more^.about the ruling 
forces of their own lives as well. The Greeks had the prophetic wis- 
dom to- suppose that the. mot ions of the planets are indeed governed by. 
some 4>recise laws of nature — perhaps transcending even the will 'of 
their humanesque gods— and thus by inference they presumed that our 
own lives are similarly preprogrammed, by the predictable motions of 
the planets. What then can determine our own individual lots? Only 
the moment that we happen to enter the world; and fall into step with 
the eternal and predestined movements of the heavens. 

'$o the belief developed that each of our lives is pre-set by the 
precise configurations of all of the planets in the sky at the moment 



of birth; aU of the motions of the planets thereafter follow^the laws 
of nature and hence the inf luence of the planet gods must simlarly be 
constrained by their predictable relations with other planet gods xn 
,yea-rs to come. Thus the key . to the future^ of 'an individual was the 
inap of the heavens showing where each planet was in the sky at the 
precise time and place of that person's, birth." "Hiis is the religion 
of natal astrology ; was invented by the Greeks in the first 
century oir two before Christ. 

^ . > \ 

^ ' I 

I 

, I 

^ 1 . ■ " . . . 

The Horoscope - ^ . y 

The key to natal- astrology is that chart which indicates the / . 
directions of the planets, in the sky as seen from the earth at the 
time and place of, one's birth; that chart is called a natal horoscope. 
The first natal horoscope prepared ar cast by/.Greek astrologer;s was 
probably about the first century B.C- It is ,'a simple enough .matter 
for an astronomer to observe the current po^sitions- of stars/ and 
planets of the sky, but to prepare such a^hart for some time in the 
past when an individual was bom, or for /some time in the' future when 
it might' be desirable* to know how the ruling forces will' then, shape 
his life, it was necessary for the Gre^k astrologers to know how the 
planets moved— that is to^ have some s<?4ieme or cqniputatidnal method so 
they could predict those directions ^or any time in the past or future. 
A strong motivation for the development of Greek astronom7 was, there- 
fore, the study of the motions of the planets. That study culminated 
in the elaborate scheme of Claudius Ptoleiny in the second century A.D- 
It is beyond the scope of this article to describe the earthr-centered 
Ptolemaic cosmology, but suffice to say it was^a remarkable achieve- 
ment ^ and it predicted the motions of the planets to the precision of 
naked eye observations for hundreds of years. It was not substan- 
tially revised until the time of Copernicus. Thus the Greeks had 
' devised means'' of preparing horoscopes for times in the past or future. 

Tv7o different kinds of coordinates are used in a horoscope.. The 
first of these involves the. zodiac , that belt around the sky centered 
on the ecliptic through which the sur., moon and planets all appear to 
move with respect to the stars. Or.3 point in the zodiac, is the posi- 
tion of the sun on the first day of spring when its path along the" 
.ecliptic carries it from the southern half of the sky across the 
celestial equator to the northern half. That point is called the 
vernal equinox. Obviously the position of ^the sun on the ecliptic 
with respect to the vernal equinox determines the season of the year. 

The ancients' divided the zodiac into twelve equal sectors or 
signs. The first sector begins with the vernal equinox and extends 
30 degrees eastward along the zodiac. That sector is called the sigi 
of Aries . The vernal equinox, at" the beginning of this sign, is the 
first point of Aries . The next 30-degree sector along the zodiac is 
the second sign — the sign of Taurus. The subsequent zodiacal signs 
in order to the east are Gemini, Cancer, teo, Virgo, Libra, Scorpio, 
Sagittarius, Capricorn, Aquarius and Pisces. All but Libra ^ (the 
scales) are named for animals or people; thus zodiac means "the zone 
or circle of the animals." The signs of the zodiac take their n^mes 



from the. constellations of stars that were -in -the same directions in • 
the sky two thoxisand years ago when the . zodiac and its- signs wer^ , 
invented. ^ 

Each planet, at any "given time, occupies a particular position in 
one of the zodiacal signs. For example', ±f the date is between the 
21st of March and the 20th of' April, the sun is in the sign of Aries. 
If you were bom during this interval your sun, sign is said, to be 
Aries, or in the modem vernacular, you are an Aries , Each of the 
other planets has a position which can be specified by the sign it. 
occxzpies and the number of degrees into that sign. Thus ^ in the prepar- 
ation of a horoscope, the first task is to assign each planet to its 
proper position in the zodiac. Today modem astrologers do this by 
consulting standard tables. Few, if any, modem astrologers would be 
able to calculate from theory where the planets should be in the 
zodiac, but the ancient astrologers were astronomers as well ^ and- 
hence were very competent in this field. . 

Specification of the planets in the varioiis parts of the zodiac 
tells where they are with respect to the fixed background of stars but 
-does not specify their directions in the sky as- seen from^a particular 
place, because the sky is constantly turning due to the earth's rota- 
tion* On the other hand, if we knew the precise direction of the 
vernal equinox with respect to the horizon and- also the latitude of 
the place, we would be able to specify the prientation of the zodiac 
with respect to the horizon, thereby giving the directions in the sky 
as well. This orientation is accomplished througih a knowledge of 
sidereal time . Sidereal time is simply a measure of how far the 
vemal equinox has progressed since it passed from the eastern to the 
western half of the slcy-^that is across the meridian , a nortlu^south 
line running through the observer's zenith. Once the location in the 
sky of the vemal equinox (or sidereal time) is known, the positions - 
of all the signs and hence of th>' planets are specified with respect 
to the horizon. - ' \ • 

The second coordinate system, used in astrology has the purpose of 
orienting the planets and signs with respect the horizon. It is 
the system of astrological houses ^ which are^ zones of the sky that are 
fixed with respect to the horizon. As^ the celestial sphere rotates, 
all the signs and planets are carried successively'^hrou^ the twelve 
houses distributed' around the sky. The first house is that sector of 
the sky immediately beneath the eastern ho^rizon; it contains those 
parts of the celestial sphere that .will rise within the next two hours. 
The second house is the next one below the first; and the third throu^ 
sixth houses are the remaining ones below the - horizon, the sixth, con- 
taining objects that have set within. the past two hours. Houses seven 
through "twelve stretch, across the upper half of the isky from west to 
east.. This description, although essentially correct, is somewhat 
vague because several precise but different definitions of the houses 
have been used by astrologers throughout the ages, and even today. 

A complete horoscope is usually represented by a circle denoting 
the center of the zodiac (the ecliptic) with the twelve houses indi- 
cated as.sectoirs inside the circle. The signs and their boxindaries 
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are also located on the horoscope as well as the positions of the seven - 
•planets. Sometimes the positions of the more -.conspicuous stars of the 
zodiac are indicated as well. Figure 1 shows my own horoscope. It is 
a chart -of the directions, of the planets with respect to the vernal 
equinox and also with respect to the horizon as they appeared from Los 
Angeles on March 1st, 1927 at 10:50 p.m. 

The- pie-shaped -divisions numbered from 1 to. 12 are the various 
houses. Notice that the planet Saturn, symbolized by was in. the 
'first hoxise. Notice that the eastern horizon intercepted the ecliptic 
in the sign of Scorpio; thus Scorpio was rising in my natal horoscope. 
Notice that the sun, in the fourth house, was in the sign of Pisces. 
Also in Pisces were the planets Jupiter , -Mercury, and Uranus, 

^- • 

The planets Uranus, Neptune and Pluto were discovered after the 
invention of the telescope. Modem astrologers include them in the • 
horoscope as well as the traditional planets* The alleged influences 
of the newly-discovered planets are just those you would expect for - 
gods of the same* name. 

Note that my horoscope sliows, in addition. to the precise position 
of each planet in its sign, the precise position in eacl^ zodiacal sign 
of the boundary between each pair of houses. All of these numerical' 
details give the hateoscope a somewhat complicated appearance but it 
is straight forward^stronomy to construct if. (I have used the defi- 
nition of house boundaries due to Placidius to construct horoscope.) 
The astrologer need now only interpret my horoscope to' learn about iny 
charatiteristics, my , personality, my friendships, my health, my death, . 
my marriages and all other events of ny life. 

Interpretation of the Horoscope 

According to astrologers, a person^s entire horoscope must be 
examined to analyze his character. Thus the column that appears in 
daily newspapers entitled "Your Daily Horoscope" is not a horoscope 
at all but simply daily, advice based on your sun sign alone. According 
to astrologer Sidney Omarr, advice based on one's sun sign is about as 
useful as the taking of a pat entr medicine; it may be of some value but 
can hardly be considered definitive. 

In addition to the sign containing the sun (the sun sign); other 
important things in the horoscope include the ascendent (what is about 
to rise) , what is culminating (what is about to cross from the 'east to 
the west half of the sky), and a host of other things. Since each 
planet is a center of force, a:cc:ording to 'astrology, and because each 
sign is ruled by a planet, the , influence of that plan^et^is amplified 
or weakened by whether it is in its oim sign, or in onfe sympathetic with 
the sign it rules. Aspects are important too. For example, what 
planets are trine (about 120*' away from each other), or in opposition 
(opposite in the sky), or squared (90*^ away), and so on. 
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Ascendant 
(Eastern 
ltorl2on) 




Descendant 
(Western 
Horizon} 



SIGNS OF THE ZODIAC 

Leo* the Lion 
Cancer, the Crab 
6«afnf • the Twins 

Taurus, the Bull 



X 



T 



Aries, the Ran 
Pisces, the Fishes 



Aquarfus, the Hater Bearer - 

>WVN 

A^y^ Capricorn, the Goat 

Sagittarius, the Archer 

Scorpio* the Scorpion 
Libra, the Balance 



Ylr^o, the Virgin 



SUN, GREATER OAHETS 

Heptane 

2 Pluto 

^ Hars< Tuesday 
^ Venus, Friday 

Oranos 

^ Hercury, Wednesday 

0 Sun, Sunday 

^ Jupiter, Thursday 

^ Moon, Monday 

Saturn, Saturday 



Fig. 1: Astr^ological Symbols^ 
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In addition, each house has a certain role in a person's make up; 
so tiie' planets (and signsX^n the various houses play key roles. For • 
example, the first house Cjjast below the eastern horizon^'' controls 
temprament and personality./ Mars, the aggressive god of war, in tlS^t 
house might dispose one to an aggressive career (perhaps military or 
athletic) especially if Aries, the sign that Mars rxiles, is also rising 
and hence is in that first> house. In my horoscope, Saturn is in the 
first house; this iis. supposed to give me a mystical temperament. The 
second house is supposed to relate to one's wealth and fortune.^ The 
third, to his siblings; the fourth, to .his parents and* so on. The 
planet assigned in the eighth house, which deals with death, migjht well 
tell the astrologer how the subject will die. - • 

As a person goes on living, the earth goes on turning and the 
planets go on moving through the zodiac. The astrolog;er, however, 
keeping track of these motions and always relating them to the client ^s 
natal horoscope, believes he can foretell times of significant events 
In the' subject's life, what .times are happy ones for thejsiibject, what 
ones good for important journeys, and (if the astrologer is confident 
of himself) even when the subject may suffer calamities or death. 

Moreover, each sign of the zodiac is presumed to relate to a 
given part- of the body; thus Aries rules the head, Leo-the heart, 
Canceir-the stomach, Scorpio-the genitals, and Pisces- the feet. Mars 
in the sign of - Aries in the natal horoscope mighty predispose the 
subject to a tendency toward headaches all his life, and Uranus in ^ 
Cancer migjit plague him with stomach cramps. In the Middle Ages most 
physicians believed in and practiced according to this medi^cai astrol- 
ogy. Even today, according to astrologer Noel Tyl, doctors frequently 
consult him, for help in diagnoses. 

The^zpdiacal signs were also ass ociated^ith hot and cold, wet and 
dxy, and the assumed elemmts: earth, air, fire ancf water: The planets 
were associated with various metals : the sun with gold, the moon xrLth 
silver. Mercury with quicksilver and so on. Even nations were thougjit 
to be ruled by signs ^nd planets. Not only were individual character- 
istics of people such as stature, color of hair and eyes attributed to 
details of their horoscopes, but also these characteristics of entire 
races, according to the signs and planets assigned them. 

As you can see, the subject is enormously complicated. Many of 
the influences of the different planets and signs, tempered by their 
relationships to each other may seem contradictory. ^ Thus part ^of the ' 
art of the astrologer is to weigh the influences to arrive at an* 
accurate description of the subject. The rules by which the astrol- . 
oger analyzes the horoscope— ^that is the assumed influences that he 
must weigh— go back to antiquity. But they are not based on -statisti- 
cal studies of thousands o^ individuals as some modem astrologers 
would have us believe. Rather they are based on magical correspondences 
between planets and the gods that bear the 'saime name, and the signs and 
coiistellations and the animals or beings for which those signs or con- 
stellations are named. To verify this assertion, on^ need only go back 
to the principal authoritative document of antiquity — the TetrabiblpSw 
of Ptolemy. Ptolemy was one of the greatest astronomers of antiquity; 
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he also the most in5>ort ant astrologer • He summarized the astro-: 
logical knowledge of his time in the four books that are now the bible 
of mbdem astrology. ' The astrological doctrines are almost entirely 
based on the Tetrabiblos or on subsequent works in turn based on it. 

■ ■ . . \ ■ ■ ' • • • 

In the Tetrabiblos , we can read of the effect of Jupiter passing 
through the tail of the lion or of Mars in Virgo. But Ptolemy himself 
evidently saw a ration;^e for some of these influences. Thus we read 
/tlhat the moon, oeing the nearest planet to the eaftfe, soaks tip mois-^ ^ 
ture from the earth and so has a daii?)ening influence. Further we read: . 
that Mars, being the nearest planet to the sun (as was thought- accord- 
ing to the Ptolemaic cosmology) was hot and arid and so had a drying 
influence. Saturn, being far from the earth and sun, was cold; it also 
moved slowly and so was mystical in its influence. (Incidently, we 
know today that the moon is bone dry but tiiat Mars has a great deal of 
vater— althougji currently frozen as permafrost or in ice caps at the , 
poles.) - . ^ > 

* / ... 

Astrologers do not all insist that one^s entire life is abbolxiteOLy 
dictated by the motions of the planets. Many modem astrologers; wil^ 
say that^ the stars impel but do not compel. Even Ptolemy ascribed f 
three iiifluences on people: environment, heredity and astrology. Tfet* 
some of. the more orthodox astrologers still argue that the entire comrse 
of one's life is 'dictated in detail by the motions of the planets 
through the zodiac; if only we understood the influences and laws 
thoroughly enough, they think, the entire course of one*s life could 
be' forecast with precision. 



Tropical and Sidereal Astrology - . 

Not only does the earth rotate on its axis and revolve about the 
sun, but it has a host of ^ other motions as well. One of the more 
subtle of^ these — one discovered by "the astronomer Hipparchus in the 
second century B;.C. — is precession. The ea,rth is not a perfe,ct sphere 
but, because of its rotation, is sli-ghtly bulged at the equator. This 
bulge is only about 27 miles; nevertheless, the gravitational tidal 
forces of the sun and moon pulling on "that equatorial bul^^^£teii5>t to 
alter the direction of the earth's axis of rotation. Like a spinning 
top or gyroscope, however, the earth's axis does not yield in the 
expected way to this ti-dal force but rather describes a slow conical 
motion called precession . The result is that the positions of the 
celestial poles are not fixed on the celestial sphere but describe 
circular motions in the sky, taking about 26,000 years for one coii?>lete 
cycle. It is an astonisMr:>? tribute to Hipparchus that he was able to 
discover this subtle motion. ^ ^ 

An" effect of precession is to\ause the vernal equinox to slide 
westward along the ecliptic during that same 26,000 year period. The 
result is that the signs of the zodiac are slowly sliding westward 
with respect to the constellations that bear the same names. Thus, " 
today, the sign of Aries no' longer corresponds witli the constellation 
of Aries but with the constellation of Pisces. \ Rather soon now, the 
vernal . equinox will have .slid all the way through Pisces and into the 
constellation of Aquarius. That is when the Age of Aquarius is said 
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to begin. The;exact time when this occurs depends on vfliat boundary one 
diooses between the various constellations* Nlhe ancient charts are 
equivocal or non-committal on this, topic; I doubt if -many astrologers 
voul4 be very interested in using the arbitrary^ divisipns assigned by 
the lutezQational Astronomical Union in 1928. \ 

At any case, whereas you may be a Taurus, the^sun was actually in 
the constellation of Aries \at the time you were born; We must not 
accuse the astrologers of ignorance of this motion of ^the signs with 
respect to' the constellations; they are well aware of\it. Indeed 
Hipparchus was an astrologer as well as an astronomer A Ptolemy' under- . 
stood precession very well indeed. Nevertheless the tra^tional or 
classical sdidol of astrology is based nor on the fixed Constellations 
but rather on the moving signs* It. makes some sense because the 
seasons depend upon the sxm's^ position an the zodiacrwith respect to 
the equinoxes and solstices which slide westward xjith Che slums' and 
have nothing really to do with the^jpQsi£lsm.^oi^^ sxm^.ainojag^^ 
various constellations. This conventional s^ool of astrologyXis 
called tropical astrology ^ \ 

There is a sdiool, however, called sidereal astrology , that bases - 
its horoscope upon the constellations and not the moving signs. Pier- f 
hap^ it' seems more logical (in the illogical way of astrology) to \ 
associate the planets with the constellations, rather than the arbi- 
trary division of signs. Some tropical astrologers, argue that the 
signs remember the influence of the constellations that corresponded 
with them two thousand years ago. I don't Icnow how they explain why 
those same signs do not also recall the influences of other constella- 
tions that corresponded with them in even earlier millenia. 

In^ The Course of History - ^ 

. The dark ages saw a decline in the influence of astrology because 
it clearly conflicted xrf.th the Church's view of free will.^ However, 
by the time of the Renaissance, astrology had a resurgence. By the 
time of the Reformation, nearly all scholars believed in astrology 
and many universities had chairs in the subject. The great astronomers 
Tycho Brahe and Kepler evidently believed in astrology. Both cast and 
interpreted horoscopes as^ a major part of their duties. 

Following the astronomical .discoveries of Kepler, however, science 
gradually turned away from, astrology. We had ^learned that the planets 
not only obey precise laws but that they are the same laws that govern 
things here on earth. We found that the earth and the planets were 
made of the same stuff — the same kinds of atoms; Science, in a sense 
unified the Universe. Moreover we learned that therc^ were many thour- 
sands of times as many worlds, even in this solar system, 35 had been 
supposed-by the ancients, let alone the countless nunibers of planets 
th^t must re\^lve about other stars: planets that we may never know 
about. We learned the tremendoxis- distainces jof the planets and of their 
masses, that many have satellites of their own, that' the stars are sms, 
that our ^un is but one star in a vast galaxy, of stars. In the light 
of this new knowledge of the true nature of- the universe, and the truly 
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tanlversal laws that govern its behavior, the belief in planet gods of 
antiquity seemed as incredible as the notion of spontanecgjs generation 

that rats and mice are generated spontaneously .in dirty laundry or 
that fortunes can be told from the entrails of animals. 

. Tht^ scientists turned from astrology by the time of Newtpn and. 
never turned back. We would think that in the twentieth century a ^ 
belief in such an ancient religion would stretch the credibility of 
even the most gullible among xis. And yet, we find tens of millions 
of Americans not only believe in astrology, but many regulate their 
lives according to it. Why is this so? 

I think it is because of the increased specialization of science^ 
As the frontier of knowledge is piished^ forward, science has become 
more and more complex and scientists themselves increasingly special- 
ized^ Every new sub-branch of science develops its own jargon and 
each, of these new languages is incomprehensible to the non-scientist 
and,' Indeed, even to scientists of other disciplines. 

Consider the following terms: deceleration- parameter, trine, 
progression, . Robertson-Walker metric, -rectification, Hiibble constant, 
petiastron^ cusp, spicule, refraction, ascendant. How is the average 
person to know which of these terms, is scientific and which relates 
to astrology?' How, indeed, can he know what is science and what is. 
not? . , ^ 

RATIONAL RESPONSE TO ASTRDLOQf 

In my view, most intelligent students will reject astrology ow- 
they understand what it is and how it differs j^rom science. I suggest 
attempting to explain its origins and structure as objectively as 
possible rather than ridiculing it or people who believe in it, or 
rather than simply appealing to authority. When seen"" in perspective, 
astrology debunks, itself. However, there are persistent claims that 
astrology is proven, and it is probably useftil here to evaluate their 
basis. * 

Is There A Scientific Basis for Astrology? 

Most modem astrologers often claim a scientific basis for astro- 
logy and many cite mechanisms by which it works. Let us consider some 
of these mechanisms.^ 

r 

I have met astrologers in television debates who have claimed that 
tidal forces exerted on people by planet^ can influence them. "Consi- 
der the lunar tides on the oceans," they say. "If the, moon can raise 
tides of several feet in the waters of thk ocean, think what it can do 
to the fluids in our own bodies/' W\at . they fail to understand is 
that the lunar tides on the oceans are acting oyer the entire 3,dOO 
mile diameter^of the earth. Even lunar tides, on a small object like 
a human being are exceedingly negligible; pl^etary tides are 
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^ enonnously smaller yet. For example, a typical textbook, held a^x^ 
fc^t away fi?om a person, exerts on him some :f if ty miliion times as 
strong a tidal force as Hars does, when Mars is at its nearest to 
the earth. v . " 

.: . * ■ t{. • ■ . • 

Ast^rologers also claim that radiation plays a role. One form of 
radiation is light. But^ babies are generally ,bom indoors, shielded 
^ frott. ligjit from the planets,. Anyway," all th^ light of all tJie -planets 
confined is millions of times less than e,ven s^iibtle variations of the 
total light output of the sun. " ^ • ^ 

- >• ■ ■ ' • • . ■ . . 

One astrologer, once told me that: wie astronomers only recently' 
learned of the bursts of radio radiation from Jupiter* "Surely," . 
he said> "those radio bursts must exert profound radiation effects 
on us humans I" But we only discovered those radio waves from Jupiter 
when we had learned to build enormous radio telescopes capable of 
detecting those vexy, very weak signals^ on the other hand, even a 
small transistor radio that you carry in your pocket can easily pick 
xxp the waves from a 100-watt transmitter a hundred miles aw^. The 
radiation from man-made radio and television transmit ters^^«all around 
us swaisps by: many hundreds of millions of times that from the planers* 

' • ■ ^ . ■ ■ *• 

Magnetic fields similarly play no role,; We coxxld not have knowu 
of the magnetism of certain planets until we sent delicate xaagiwto- . 
meters on space vehicles to the vicinity of those planets. In con- 
trast, the magnetic fields of the permanent magnets in the loudspeaker 
of -that same transistor radio are enormously strong in coiiq)arison. 

To 1>e sure, the sun affects us, and very much so, but in ways 
understood without invoking ancient gods* And the moon produces 
tides and reflects sunlight to us* Moonlight can influence the 
haiVester and the hunter and doxibtless - can "produce psychologircal 
effects as well. On the other hand» many of the ^Vell-knowt^s;^acts"y''''^ 
such as that at times of full moon more violent cripes are conmt^ed^ 
or that more people are admitted to mental hospitals — are not borni^J 
out by recent objective investigations G*,ester, et al., 1969; Pokomy, 
1968, 1964; Pokomy and Jachimczyk, 1974). For exan^le, statistical 
studies of 2,497 suicides and 2,017 homicides in Texas between 1959 
to 1961, or another 2^1 homicides in Texas from 1957 to 1970, or 339 
•suicides in Erie Coun^, New York, and of 4,937 mental hospital admis- 
sions,^ all show no correlation either -with the phases or the distance 
of the moon, 

In. short, there is no way in terms of known J.aws of nature that 
the planets* directions in the sky can; influence human' perso.nality 

^and fortune in die manner predicted by as t rology ♦ . If the planets 
were to exert an influence on us, it would have to be through an 
unknown force and one with very strange properties: that force would 
have to emanate from some, but not all celestial bodies, it woiild 

.have to 'affect some but not all thiixgs on earth, and could not deperid 
on the distances, masses or other characteristics of those planets 
giving rise to it. In other words, it would lack the universalfty, 
order and harmony found for every other force and natural lajsr ever 
discovered that applies in the real universe • - 



What then are the properties of sych a force and what evidence, is 
there that, it exists? Thi^ astrologers answer "Astrology works" and I 
mast acknowledge that most people who have their horoscopes analyzed 
by an astrolo^r say. that the descriptions they receive of themselves 
are accurate. However, the descriptions'' are. generally rather vague 
and sometimes contradictory and they almost always reveal a^^cKJd grasp 
of human psychology on the part of the analyzer; Amang'^the W exper- 
iments concerning, people surprise at the success of the astrologer I 
shall describe only one especially interesting one. 

In a test of the computerized horoscope industry, the French 
.psychologist Michel Gauquelin (1|968) s^t ten sets of birth dates, 
times and -places to^a major advertiser. In. order not to reveal hixft=^ 
aelif, he used addresses of various friends. The birth data-were 
genuine but were not of himself or of his friends. They were the 
birth tdLmes and places of the ten most heixKJus criminals for wtiich 
he could find records. One of these, for example. Dr. Marcel Petiot, 
was bom in Auxerre at 3 a.m. on January 17, 1897. He was executed 
on Hay 26, 1946 after a spectacular trial. -He had posed as an under- , 
ground agent promising to help refugees from Nazis escape then-occupied 
France. When the unfortunates would arrive at Petiot*s horas, >^ith all 
of their money and most prized possession^ he' would murder rfaem and 
dissolve their bodies in quicklime in a seeret chamber of his house. 
Although indicted for only 27 ^uch murders. Dr. Petiot, csmica}. to the 
end, boasted of 63. What did his horoscope say? In part: 

As he is a Vlrgo-Jovian, instinctive warmth or power is allied 
with the resources of the intellect, Ixicidity, wit...% He may 
appear as someone who submits himself to social norms, fond of 
property, and endowed with a moral sense which is comforting — 
that of a worthy^ right-thinking, middle-class citizen. . .The ^ 
subject tends to belong wiioleheartedly to the Venusian side. , ^ 
His . emotional life is in the forefront — ^his affection towards 
others, his family .ties, his home, his intimate circle. . .senti- 
ments. . .which usually firsd their expression in total devotion 
to others, redeeming love, or altrxiistic sacrifices. . .a tendency 
.to be more pleasant in one'^s own home, to love one's house, to 
enjoy having a charming home. • . . 

Next Gauquelin ^placed an advertisement in a JParis newspaper offer-- 
ing: "Completely Freel Your ultra-personal horoscope; a, ten-page 
document. Take advantage of this ''unique opportunity. Send name, ' 
address, date and birthplace. .. The were about 150 replies. To 
each correspondent Gauquelin sent the^^^e horoscope — the^t^ne he had 
received for Dr. petiot. With eacn he sent a self-addressed envelope 
and questionnaire -asking about the accuracy of the reading. Ninety- 
four percent of the respondents said they recognized themselves (that 
is, they said, they were acctiracely pkortra;yed in the horoscope of a man 
who murdered /seve'^al dozen people and dissolved their bodies in quick-, 
lime), and for 90 percent this positive opinion was shared by their 
* families and friends . 
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Are Sdeotlists Xarrow blinded? ' ^ 

Our^ciety today is delugei wLch literature, mociod pictures* and 
V television programs claiming evidence of paraaoraal phenomeua and 
exploiting the public fascination of experiences out of the hundrun of 
-everyday life. But ustiaily expert in fields nost nearly associated 
vlth a particular phenotaipon are tae moSt slceptical. TI^us oceano- 
graphers and higH naval dnd tsercbaidt aarine bfficers discount any 
^ 5stery associated with t^c so-called Seraiuda Triangle, biologists iioubt 
tibe existence of a Loch Ness monster and abociiaable snowpexson, 
botanists take no stock in talking ro plants, and as trononers reject 
astrology. 



' This is not to say that unexpected things do not occur in nature,- 
Kfeteorltes falling f roa the sky and gorillas, both once treated skeptl-i 
caliy -by- the scientific cosazrunity, do exist. ' ftc cannot rule out .the _ 
existence of a species of large unknown anissals (especially -in the deep 
oceans) , nor even that space vehicles froa other pWets aay have , 
visited the earth. Nearly ail scientists confidently expect many 
surprises to turn up in the course of future research. But reaofee 
possibilities do not; make facts, and certainly do not justify wide- 
spread sensational and often explcnLtative. claias . 

Yet the skeptical professionals with the inevitable doubts* raised -'^ 
by their own knowledge and experience are very frequently denounced as 
prejudiced, reactionary- conservatives, afraid of new ideas. More often 
than not, these charges^ are isade by the very -persons da -f in i n g para- 
normal phenoaena. . . 

Ir Is hard for ne to understand hov scientists,*. particularly 
astronomers, can be thought of as resisting rscw Ideas* I canncr 
imagine a field in which ^^ore radical ideas have been seriously enter- 
tained and often -accepted in recenr years: pulsars and neutron stars ^ 
^ nudeogenesis of heavy eleaencs (includir^ these that aake up our own 
bodies)* Inside stars, prehistoric rivers on Mars, black holes, organic 
iaolecul#s in space, the possibility of interstellar comnfflicat ion, even 
the existence ot a background of aicrowave radio radiati<m now inter- 
preted as evidence chat our present universe has evolved ^fross a hoc 
gas— the dying emb^jrs, as it were, of the prixaeval fireball t^hat 
started the expansion of the universel Ic seeins to ae to be particu- 
larly incongruous chat astronomers are charged with c* xservatista by 
the astrologers wha accept and practice the saae dog^ and rules taade 
up by Greeks of antiquity two rsillennia ago. 

Is Astroloyy Karruess? 

I am frequently asked, is not 5^ belief in astrology a harmless 
recreation? I suppose to the extent it is a recreation, it is rela- 
;^ively harailfess. On the other na>uJ, to the .extent people regulate 
theix lives and their journeys and to the extent that some even base 
aedlcel diagnoses *oa astrology ^ it is not hamless. 

I have. seen a job -requisition. of one Republican congressman loojc- 
Ing for a secretary; at the bottom he indicated: no Democrats, no 
minorities, and no water signs. Not that there is anything political 



about astrology; the most recent bill introduced to the California 
State Legislature to create a gubernatorial appointed board to license 
astrologers was introduced by Desocratic State Senator Dills, froa . 
Riverside. That bill failed to pass, as have o theirs introduced from 
time to titae in recent decades. But perhaps it's only a laatter of tiae- 

I believe the survival of the hximan race, or at least of civiliza- 
tion, requires the diligent application of our highes.t intellectual 
efforts. We are facing severe problesas of environmental Jegradation, 
depleting energy resources, of rising crine, of atmospheric and w^er 
pollution, and above all, the tremendous crush of overpopulatioi 
solve such problems, surely we need the best of rationality o\ 
can offer, rather than the occult mysticism of an ancient : o.ligi2 
has not changed since' the time of Ptolemy-. 
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In this paper John A. Moore discusses one of the hottest topics^ 
in biology • education; whether to include creationism as~ an alterative 
approach to. evolution as a theory of the origin and development of 
life. The approach of this paper is historical, tracing Darwin and 
his critics to modem times. 

\ ■ - ' * ^ 

\ * ■ * . 

CREATIONISM ■> S_ 



John A, Moore 



Except for the individuals intimately concerned, those contentious 
debates swirling aromd the teaching of evolution in the schools pro- 
duce a., feeling of deja vu . Essentially the same things have been said 
throughout the past century yet the problems are no more solvable today 
than when they were first encountered. The teacher and school adminis- 
trator who is forced to deal with these matters can be assured that 
there is a vast and vigorous literature to which' he may turn for 
information, inspiration, or solace. Some of this literature is truly 
first ^tate, well worth pursuing for its own sake: few can" match, in 
prose, the reason and ridicule of grand old Thomas Henry Huxley as he 
thundered across the Victorian landscape. 

My purpose will be to provide perspectives for the science teacher 
and school administrator. First, there will be a review of the attacks 
by creationists and others on evolutionary biology. Second, the argu- 
ment will be developed that the conflict is on-going and unlikely to 
be resolved. Third, depending on the stance the teacher or school 
administrator wishes to adopt, a variety of scenarios will be suggested 

DARIVIN AND HIS CRITICS 



During the first half of the 19th century tremendous advances were 
made in geology and biology. The geologists, among whom Charles Xxell 
was pre-eminent, came to believe that the earth was exceedingly old — 
far older than suggested by Judeo-Christian tradition. Furthermore, 
it was recognized ^hat the stratified rocks of the earth's crust repre- 
sent material deposited long ago, zisually under water. The materials 
were slowly changed to rock and in some instances contemporaneous . ^ 
remains of animals and plants were included in the deposits. Thus, it 
became apparent that the sedimentary rocks were, in a useful sense, a 
rtnning diary of the earth's past. Careful studies, therefore, might 
tell much about the earth's crust and its denizens of long ago. 

The, biologists of that half century were concerned mainly with 
inventorying all species of animals and plants. By mid-century there 
was a general knowledge of the species of anipals and plants and their 
geographic distribution; The incredible variety of living creatihres 
raised in the minds of some of the more inquisitive naturalists the 
question of origins. _ , — 



For most, however, the question had aJxeady been satisfactorily 
answered: ^the creatures of the earth were the products of a Divine 
' Creator ^ho had peopled the earth with the various species of plants 
and animals. It was believed that each species was fixed, that is, . 
it was essentially constant in its characteristics and isolated from 
all others by an inability to cross-breed. 

Useftil references to the intellectual antecendents of the 
Darwinian Revolution are Gillispie (1951), Greene (1959), Eisley 
(1958), Adams (1938), and Geikie (1905) . Lyell's classic Principles 
of Geology (1830) is still a joy to read. Editions prior to 1859 will 
be especially useful in showing how a great mind viewed the natural and 
living worlds before Darwin. 

Darwin's hypothesis was presented to the world in a joint article 
with Alfred R. Wallace in'1858 and, more definitively In 1859, in (ftt- 
• the Origin of Species . Darwin agreed with niamerous other scientists 
that evolutiop had occurred but, more importantly^ proposed a mechaiiism: 
natural selection. Many scientists had found themselves unable to 
accept the notion of evolution simply because they couid not suggest 
how it might have come about. Everything they knew seemed to indicate 
that species were fixed and could change only slightly from an average 
condition. Huxley wrote that "The Origin provided us -^ith'^the working 
hypothe^is^we sought" (1888, p. 197). 

It is usually assumed that the Origin provided a strong factual 
basis for evolution. It did not. Darwin looked upon the Origin as 
. an abstract of a multi-volume work that was to be prepared later. 
The complete work would provide the full data then available. Lyell 
wrote, "It is a splendid case of close reasoning, and a long siistained 
argument throughout so many pages; the condensation is immense, too 
great perhaps for the unitiated. . . " (Francis Darwin, 1888, Vol. 2, p. 
206). 

— Darwin's argument can be broken "down into these five elements. 
First, there is considerable intraspecific variability in natural 
populations. Second, the rate of reproduction of all species is 
greater than the carrying capacity of their envitonment. Third, this 
means that there will be a struggle for insufficient resources. Fourth, 
in this struggle for life, presumably any individvals that were more 
fit would have a greater chance of surviving than the less fit. Fifth, 
with the passage of time, the population would coma to consist of :.ever- 
more fit individuals, that is, individuals better able to survive and 
to leave offspring. The elimination of the less fit by nature was 
called natural selection. • - . 

In 1859 there seemed to be no doubt that the first two elements 
of the argument were' correct. The remaining three were 'not solidly, 
based on observation or experiment but were proposed as a reasonable 
hypothesis of what might occur. This was the hypothesis to be tested. 

And it was tested first in the forum. The debates that started 
in the autumn of 1859 saw a few scientists, plus even. fewer churchmen 
and others, supporting Darwin. The majority, scientists and non- 
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scientists alike, were against his hypothesis. Much of the opposition 
was on scientifiQ grounds: it was felt that the scientific basis for 
•evolution by natural selection was wholly inadequate, • This point must 
be emphasized. All too often it is assumed that the opposition was 
based solely on the fact that Darwin's views were in conflict with 
those of the church. That was not the case. * 

The broad' spectrum of opponents to the Darwinian world scheme did 
include, of course, the fundamentalists — those who say Genesis contains 
the only admissible explanation of * organic diversity. The fundamental- 
ists may have been pleased that there were scientific reasons to doubt 
Darwin but, even had there been npne, their opposition would have been 
as vehement and vitriolic. In substituting a naturalistic explanation 
for organic' diversity in place of Divine Creation, Darwin was attack- 
ing the veracity of the Bible and hence the very foundations of Western 
civilization. 

It is instructive to outline some of the main arguments brought 
against Darwin in the first decade following the publication of the 
Orlglh . To a discouraging degree these are the same arguments advanced 
today by some of the creationists — long after answers satisfactory to 
the scientific world have been obtained; 

1. There is no evidence that one species can change to another. 
Critics suggested that natural selection was more likely to weed but 
the less hardy, less prolific, and more extreme types,. Thus it would ^ 
tend to make species more uniform rather than lead to a slow change of 
one! species into^ another. Darwin iiad made much of- what could be done 
with artificial selection, especially with pigeons, pigeons had been 
selected for thousands of years and many peculiar varieties , had been 
obtained. However, no new species had been obtained as evidenced by 
the fact that even the more extreme varieties can be crossed and the 
offspring survive. Thus, the critics saw these data refuting rather 
than supporting the Darwinian hypothesis. 

Evolutionists then and now will agree that one does not observe 
one species changing into another or, as one of Darwiti's critics 
demanded "see some tapir caught in the act of becoming a horse" (Duns, 
1860). Data on the rate of evolution were scarce in the 1860s. Today 
rough estimates are possible, and it is clear that evolutionary change 
takes a very long time. Smith (1975y uses genetic data to estimate 
that it might take 300,000 generations for the evolution of a new 
species. Paleontological data are cited by him that suggest, during 
the Pleistocene, 500,000 years were required for the evolution of a new 
species of mammals. There are more extensive data^ for the time it 
takes for genera to evolve: the numbers are in the millions, of years. 

With a time scale like that, the evolutionists must agree wirh 
the creationists that one does not observe tapirs changing into torses 
or, except in the most unusual instances, one species changing into 
another. These unusual instances, of which there ate a few, involve 
hybridization of two species of plants followed by a doubling of the 
number of chromosomes (Grant, 1971, Chapter 13)* 




One must conclude, therefore^ that the lack of examples of one 
species changing to another before our very eyes cannot be considered, 
a useful criticism of the Darwinian evolution. Our eyes just don't 
last that long. .Huxley (1895b, p. 43) dealt with this argument in 
his inimitable fashionr "The objection sometimes put forward, that'" 
no one yet professes to have seen one species ^.pass into another, comes 
oddly from^ those who believe that mankind are all descended from Adam. 
Has any of them yet seen the production of negroes from a white stock, 
or vice versa? " 

2, Artificial selection has no relation to events in nature,. . 
Artificial selection, Darwin's critics pointed out, results in changes 
that may be very useful to human beings but are usually, hijltily disad- 
vantageous to the organism. Thus, domesticated plants and animals 
usually • require careful culture and protection. They serve us well 
but we have molded their characteristics so much that they can rarely 
survive in nature. Furthermore, the variants that do arise are almost 
always monsters of some sort. One. simply does not observe the appear- 
ance of favorable variations. Thus, artificial selection cannot be 
considered a model for the origin of better adapted forms since it 
does the reverse. 

It was impossible for the evolutionists to .deal with this criti- 
cism adequately until after 1900 — when genetics, began to tell us about 
genes and their mutations. Even then it was obvious that most of the 
new mutations were harmful to some degree. The mutational changes that 
Morgan and his coworkers observed in Drosophila were nearly always 
deiaonstrably deleterious. How, then, could mutations lead to a better 
adapted individual^ if they were" always conferred some type of disadvan- 
tage? J 

Eventually, this paradox was seen to have an acceptable solution. 
One had to add the parameter of time. The genes of a species would 
all be mutating, at a slow though finite rate^ One could imagine that 
any mutation that could occur would have occurred many times before. 
Thus, if a rare mutation .did convey some selective advantage, it would 
have incrc -ised in frequency long ago and become the normal allele at 
the gene locus. At any one time the genotype of a species would be 
the result of what natural selection had been, doing over the ages. 
The chance of any beneficial mutation being "encountered by an observer 
is, therefore, exceedingly unlikely. 

•r 

Such an argument might be convincing, to an evolutionist but a 
creationist might suggest that it is ungamished sophistry. But ade- 
quate data are now available. If a species finds itself in a new 
environment — one that has not been selected for oyer the ag^^ — benefi- 
cial mutations can be observed to appear. Much of these "data are 
making -news today. One reads of-- numerous examples of insect pests 
rapidly developing resistance to insecticides. jThe resistance is due 
to gene mutations that confer resistance. In an environments that does 
not contain the pe«^ticides, such mutations would have been deleterious. 
Industrial melanism in moths and- drug resistance in microorganisms are 
other examples (Dobzhansky, 1970, pp. 211-215). 
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3. The fossli record does not support the Darwinian thesis , Dar- 
win's critics were quick to point out that evolution demanded the , 
^origin of today's. organisms. from very, different sorts of organisms 

living In the remote past. Thus, birds and mammals were thought to 
be fairly recent products of evolutionary change — possibly derived from 
ancient reptiles, but the links between reptile and bird and reptile 
and mammal were missing* . In fact, all the links between major groups 
were missing in the 1860s. Evolutionists could offer the apology that 
the fossil record was. inadeqviate but, given the fact that fossilization 
does occur, a necessary deduction of the evolutionary hypothesis was 
that fossils intermediate between major groups must exist — and, witli 
lucky be found. 

And in time they were dug up. The first major "missing link"/to 
be discovered was Archaeopteryx, with its combination of reptilian^ and 
avian characteristics. Today there are. fossils that link all the major 
groups of vertebrates. In some instances there are very few links 
(reptiles to birds) but in others there are numerous intermediate 
forms (reptiles to mammals) . The paleontological data showing the 
evolutionary trends of the vertebrates are better than for any other 
phylum. This is correlated with the fact that this is the. most recent 
major group to evolve and most vertebrates have hard parts (bone, 
teeth, and cartilage) that fossilize well. Very JLlttle is known about 
the evolutionary trends in those invertebrate phyla which are both 
very ancient and consist largely of animals with soft parts that 
fossilize poorly. 

Good discussions of the data of paleontology are to be- found in 
Simpson (1967), Colbert (1969), and Romer (1966). 

4, The earth is not old enough for the postulated evolutionary 
changes, fro'm monad to man, to have occurred . Darwin needed lots of 
time, possibly as much as half a billion years from the Cambrian to. 
the present. A generation growing up with Bishop Ussher's and Vice- 
chancellor Lightfoot's pinpointing of the moment of creation as 9 a.m. 
October 23, 4004 B.C. was not willing to grant Mr. Darwin all that ^ 
time. Yet more and more geologists were coming to the conclusion that 
the earth was immensely old. Button (1788, .p. 304) had concluded his 
epoch-making Theory of the Earth ; "The result, therefore, of our 
present enquiry is, that we find no vestige of a beginning— no pros- 
pect of an end." Yet there were many physicists in the late 19th 
century who felt that the age of the earth was much less than the 
evolutionists required for their hypothesis . \ 

Creationists today continue to believe in the earth's youth — 
often suggesting an age of only a few thousand years. They maintain' - 
this position long after it has become possible to date, with a fair 
degree of accuracy, many of the rocks of the earth's crust by means 
of their radioactivity. .As more and more rocks are studied, with 
more and more methods, the times for many events in the earth's past^ - 
are becoming increasingly certain. Thus, the formation of the earth's 
crust is put at about 4,600,000,000 years .ago. Th^ onset of the Cam- 
brian Period, when fossils first become abundant, is about 570,000,000 
years ago. the Age of Reptiles, the Mesozoic, started about 
225,000,000 years ago. The onset of the Tertiary Period is placed 




at 65,000,000 years ago, Eicher (1976) gives a fine history of the 
problem of determining geologic tine and provides us with the currently 
accepted dates. 

5. Complex structures and processes are so exquisitely adaptive 
that they cannot be imagined as a consequence of variation and selec- 
tloa . Thus., it is almost impossible to imagine how any organ so 
complex as the eye could have been formed by the selection of chance 
mutations. At every stage of development the structu-je must have 
been advantageous — otherwise it would not have been selected. What 
good is a half eye? Or as the creationist Gish (1972, p. 14) 
expresses it: "In the fish-to-amphibian transition, many features 
woxild have to change. It should be easy to trace the conversion of 
the fins or the fish^into the feet and legs of the amphibian in the 
fossil record. According to the evolution story the fossil record 
should show a fossil with 5 percent feet and legs and 95 percent fin^, 
one with 10 percent feet and legs and 90 percent fins, one with 25 
percent feet and legs and 75 percent fins, one with 50 percent feet' 
and legs and 50 percent fins, and so forth, xmtil almost all traces 
of fins have disappeared in the forms.... However, no one has been 
able to find a single transitional form shox«rLng part fins and part 
feet." 

The problem when put that way might be expected to amuse and con- 
fuse a naive audience. Is one to expect an exactly intermediate stage 
to have two fins and two feet? If so, one must admit that the 
paleontologists have not exposed^ such a fossil. Nevertheless, 
Devonian fish are known that have skele^zons in their fins that are so 
much like the limb skeletons of the tetrapods that there seems no 
problem in deriving limbs from fins (see, for example. Figure 117 
in Romer, 1966). ^ 

Nevertheless, the details of the evolution of complex structures, 
such as eyes, and behavior patterns are almost always unknown. The' 
chief difficulty is the soft structures, such as eye?, are almost 
never present in- fossils (and behavior patterns, never). One is 
left, then, in the position of being able to do no more than to 
suggest what might have happened. In spite of this, the procedures 
of comparative anatomy, embryology, and more recently of comparative 
biochemistry generally allow>one to present an acceptable hypothesis 
' for how a complex structure may have evolved. In a sifliilar manner, - 
the behavior patterns of different species"^ can often be arranged in " 
a sequence that serves as a hypothesis for the evolution of the 
behavior pattern. A recent synthesis of this field has been pro- 
vided by E. Q. Wilson (1975). 

When one turns to a consideration of structures that can be 
fossilized, facts replace h}rpotheses. Thus, the general picture 
of the evolution of the vertebrate skeleton. is well understood. 
Even such remarkable evolutionary changes, such as the conversion 
, of some bones of the jaws into the bones of the ear, have been well 
documented. 
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6. Evolution is Impossible due to the constraint s of the Second 
Lw of Thermodynamics , This is a point being actively pushed by some 
creationists today. The argument Is complex but basically it is this: 
the Second Law maintains that all self-contained systems gradually 
pass from a state of greater order to one of lesser order. Heat is 
lost and, with the passage of time, complex arrangements of matter 
become pimple- Thus, the question is asked, how could evolution, 
which has been characterized by a slow change of organisms from simple 
to complex, possibly occur? This argument when advanced by a creation- 
ist and buttressed by mathematical equations is enottiously effective 
with naive audiences* Evolution can be portrayed as not only wicked 
but also against the law! Most of the people who advance such an 
argument are probably well aware that it is totally invalid, yet why 
abandon such an effective device? The correctness of the Second Law 

is not questioned yet one must remember that; our^ earth is nor a closed 
system. Energy is reaching it in large amounts from the sun and such 
energy can be and is used in the construction of the complex from the 
simple. If one vill grant that the energetics of the universe are such 
tihat a fertilized ovum can develop into a complex adult, then the 
Second Law is' not going to Interdict evolution* There is no need for 
ertra energy for evolutionary events. .If there is enough for the 
development and llife of organisms no more is required. 

7, Darwinism in heresy . And finally we have reached the main 
argument. All of the others which have a scientific basts can be V 
dealt with by scientists. This one, however, is based on mutually 
incompatible systems of thought and belief. The Reverend John Duns 
(1860, p* 26) of Scotland put it well: "Mr. Darwin's work is in 
dlxect antagonism to all the findings of a natural theology, formed 

on legitimate inductions in the study of the works of God; and it does 
open" violence to everything which the Creator Himself has told^us In^ 
the Scriptures of truth, of the methods and results of His workings." 
And coming to this side of the Atlantic, Francis Bowen, Alford Profes- 
sor of Natural Religion, Moral Philosophy, and Civic Polity in Harvard 
College, puts it this way (1860, p* 504): 

. After all, for the defense of the great truths of phil- 
osophy and natural theology, it is hardly necessary to spend 
much time in refutation of such fanciful theories of cosmog- 
ony as this by Mr. Darwin. A proper view o£ the nature of 
causation, a clear recognition of the great truth that the 
natural no less than the super natural, the continuance no less 
less than the creation of existence, the origin of an indi- 
vidual as well as the origin of a species or a genus, can be 
explained only by the direct action of an intelligent creative 
cause— places the vital doctrine of the being and the provi- 
dence of a God on ground that can never be shaken. 

So if one accepts the Judeo-Christian accounts of the origin and 
diversity of life, the findings of science must either be Ignored or 
somehow adjusted to what is said In Genesis* The second section of 
this paper will deal more with this matter, but before that is done, 
it will be, useful to mention some of the important references to 
Darwin and hdis critics. As you. might suspect the literature is 
enormous — and still growing rapidly. 
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The first general statement of Darwin's views on evolution appears 
In a Joint essay with Wallace (Darwin and Wallace,, 1858). The first 
edition of Darwin's Origin was in 1859 • The sixth, and last, edition 
was in 1872. .Peckham (1959) has provided a varionm : The Origin was 
reviewed extensively. Important reviews that found the argument want- 
ing «re Bowen (i860). Duns (1860), Wilberforce (i860), and Jenkin 
(1867) • "Critical though favorable reviews were presented by Gray 
(i860)" and Huxley (1859, 1860). The original journals in idiich these 
reviewb were published are available usually only in the larger 
research libraries. Fortunately there is more readily accessible 
taaterial. Click (1974) has edited a series of essays that describe 
the reception of Darwinism, country by country. The essay on the 
* United States, by Michelc L. Aldrich, is largely bibliographic and, as 
such, provided an introduction to the literature. An earlier work of 
Kennedy (1957) provides the same service. Useful anthologies of 19th 
century reactions to Darwin are Appleman (1970), Daniels (1968),. and 
Hull (1973). • 

General discussions of the impact of Darwinism are to be found in 
Eisley (1958), Irvine (1955), Ghiselin (1969), Hull (1973), and 
Russett (1976). ' 

Evolutionary biology has come a long way since Victorian times. 
Good introduction to current points of view are Smith (1975), Stebbins 
(1977), Ehrlich, Holm, Pamell (1974), Eaton (1970), and Volpe (1977) • 
Smith, Stebbins and Volpe are in paperback editions. Four classics - 
of the modem synthesis of evolutionary theory are Dobzhansky (1937 
and later editions), Mayr (1942), Simpson (1944), and Stebbins (1950). 
Three have been extensively revised: Dobzhansky (1970), Mayr (1963, 
1970), Simpson (1953). Still more recent and also_ important are 
Lewontin (1974) and Dobzhansky et al . (1977). 

I do not know of a single codem book that deals specifically with 
the arguments of the creationists that they claim cast doubt on the 
theory of evolution. Not too Isurp rising, I guess — neither do I know 
of a modem book on astronomy that deals with the Ptolemaic system, 
a serious challenge to the Cope imi can system or that gives equal 
time to the two theories of earth shape — flat or spherical. Neither 
do the chemists seem too concerned whether the atomic theory is correct 
of not. Evolutionists simpiy do not consider the creationist arguments 
serious threats to science — though no evolutionist questions the mis- 
chief they can do to science education. 



Even the most rational human beings use a variety of thou^t 
patterns for a variety of purposes. The same ^person may have one 
paradigm for dealing with nature, another for human beings, and still 
another for art. Thus, a scientific description of a great painting 
mi^t have little resemblance to the description of a' connoisseur. 
We could imagine the first dealing mainly with the chemistry of pig- 
ments, the wave lengths of the reflected light, and the scientific 
names for any objects illustrated. The second would be more concerned 
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with composition, balance of colors^ and, more importantly, to the 
emotions evoked and allioslons suggested. Most of us, surely, would 
be more Interested in what the connoisseur had to sav. We would look 
to him, more than to th^ scientist:, to increase oxiv pleasure and 
understanding. 

The problem we are dealing with in this paper arises becatise both 
scientists and creationists attempt to describe nature — using conflict- 
ing paradigms.. ^.The ccientist attempts to uncover the secrets of 
nature by observation, experiment, and reason— but reason that 
excludes any involvement of supernatural forces. That is, explanatory 
statements can only invoke materials and processes that can be demon- , 
strated to occur in nature. These materials and proccisses must be 
discoverable by anyone with the proper training, equipment^ ability, 
and patience. Essentially nr scientific understanding becomes com- 
plete or acceptable with bne discovery.. First insights into a diffi- 
cult problem will be IncompleLc and probably, to a considerable degree, 
erroneotis. As more and more scientists study the problem, additional 
facts ^re obtained and the. explanait ions will improve. But the state- 
ments are almost never said to be absolutely true. They are accepted 
as the best answer that can be obtained with the available data. This 
professional caution of the scientist often seems a lltt3^ excessive: 
the belief that pure water is composed only of hydrogen md oxygen 
does seem rather certain. 

As an illustration of how explanatory statements change, consider 
the question of a physical basis of inheritance. Darwin convinced him- 
self, but few others* that there was a physical basis for inheritance: 
that is, some substance passed from parent to offspring and deter- * 
xBlned the characteristics of the latter. His particular postulated 
stjbstance was shown to be inadequate. Later in the 19th century bio- 
logists came first to believe that the physical basis resided in the 
nucleus and later in the chromosomes. The 4ata, however, were only 
suggestive. After 1900, and especially with the work of Thomas Hunt 
Morgan, the chromosomes and parts of them (the genes) were clearly 
iiH>licated. Finally in the 1950s, a host of workers, moist notably 
James Watson and Francis Crick, determined the chemical nature of the 
gene. Today we have a fairly complete understanding of the structure 
of genes and less, though considerable, information on how they func-- 
tion. Thus, we can now make some statements about the physical basis 
of inheritance that^ are^ true b^ond a reasonable doubt- "Beyond a 
reasonable doubt," that is as far as a scientist should be willing to 
gc. 

Evolutionary biology has had a similar history. Daxwin presented 
a plausible hypothesis and provided some data. The generations of 
scientists' that followed Darwin's 'lead have provided a wealth of data. 
The growth in understanding has been enormous. De Solla Price (1963) 
has estimated that scientific information doubles every 10-15 years 
(10 years for the total information and in 15 years for high quality 
information). This period of doubling seems to hold generally in all 
sciences and has been occurring since the middle of the 17th century 
(when the Scientific Revolution got underway). Thus, if we use a. 15- 
year doubling time -for ^nforr-icion in evolutionary biology, there will 
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have been eight doublings between 1859 (date of the Origin ) and 1979— 
and a 256-folii increase in our understanding of evolution. To inany» 
this will seem like a fairly conservative figure. 

Ihe procedures xiow used by scientists to obtain infortnation about 
the natural world did not come into general use antil the 17th century. 
One of the founding fathers of the new science was Francis Bacon (1561- 
1626). For him valid knowledge war to be, first, gathering the^ facts 
andtr then, seeing what statements could be induc^id from them. His 
inductive methods ^were at variance with the scholastic methods that 
had prevailed for centuries. To the Scholastics, knowledge came 
ultimately from reasoning or revelation. The first was primarily the 
domain of the philosopher, the second of the theologian. Since clear 
reasoners were rare and recipients of revelations excessively so, most 
of the Schoolmen of the Middle Ages sou^t wisdom from the worits of the 
great minds in philosophy and theology. For them Agassis' s aphorism, 
♦^Study Nature, not Books," shotild have be^n rendered, "Study Books, 
not Nature." 

There is an amusing caricature of the Scholastic mind, possibly 
from the pen of Francis Bacon, that does convey tlie. flavor of the 
method (cf. Taylor, 1941, Vol. 1, >. 41): In-Che"year of our Lord 
1432, there arose a grievous ciiarrel among the brethren over '^the 
number of teeth in the mouth of a horse. For a full 13 days ^the 
disputation raged without ceasing. All the ancient bool^ and chronicles 
were fetched out, and wonderful and ponderous erudition such as was 
never before heard in this region was made manifest. At the beginning 
of the L4th day. a youthful friar of goodly bearing asked his learned 
superiors for permission to speaks and straightway, to the wonderment 
of the disputants, whose deep wisdom he sore vexed, he beseeched thefli * 
to unbend in a manner coarse and unh^rd of and to look in the open 
mouth of a horse and find answer to^ th * questionings. At this, their 
dignity being grievously hurt, they mi / exceeding wroth; and, joining 
in a mighty roar, they flew upon him a;vJ smote him, hip and thigh, and 
cast'him out forthwith. For, said they, surely ^atan hath tempted this , 
bold neophyte zo declare unholy and unheard-of ways of finding truth, 
contrary to all the * cachings of the fathers. After many days more of 
grievoi^s strife, the ieve of peace sat upon the assembly, and they as 
one man declare . rroblen' to be an everlasting mystery because of a 
grievous dearth of histOTrical and theological evidence thereof, so 
ordered the same writ down. 

A fundamentalist, to the extent that he-accepts the infallibility 
of Genesis as a guide to the origin and history cf life, follows in 
the footsteps of tfce Scholastics of the Middle Ages. Their procedures 
are the same: rel^^ing solely on the products of philosophy or revela- 
tion for understanding. These procedures were abandoned by many 
scientists in the 17th century though, in the majority of cases, this 
did not lead to the abandonment of a diety. But as the procedures of 
science began to provide acceptable explanations for events zo long 
relegated to the sphere of the supernatural, -even a diety began to seem 
suj>erfluous. For many intellectuals in the ISth century Age of Enlighc- 
enment the traditional ^iety was abandoned or replaced by a radically 
different concept. In this period, reason, freedom, and humanitarian- 
ism began to gain dooinance over dogmatism, repression, and in^tole ranee. 
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But the EnlightenmenCt or Age of Reason as it was also called, was of 
limited pervasiveness* .A powerful Church » which a century earlier 
had been able to huisnblc Galileo Galilei and incinerate Giordano Bruno, 
continued to cast its pall over the slowly-developing loodem science. 

There is no avoiding conflict £)ctween a system ^£ thought based 
on revelation and authority and one based on observation and expert- 
maat. The current attacks of the creationists on evolution ^re but a 
sklmiish in that long war* The literature on^this conflict is enormous 
Two classics 'of the 19th century are Draper (1874) vand White (1896). 
Two of the volumes Vof Huxley's Collected Essays ^ namely. Science and 
Chrlstinn Tradition and Science and Hfebrew tradition are useful aiad 
fascinating. Good bibliographies are given by Kennedy (1957, pp. 110- 
114)^ and. Aldrich (in Click, 1972) • ^ Some older material lis also to be 
found in the anthologies of Appleman (1970), R. J. Wilsoti (1967), and 
Daniels (1968). 

An especially valuable survey of the field is Barbour (1966). 
Other useful sources are Greene. (1961), Gay (1966), Dillenberger (1960) 
Hofstadter's now classic Anti-intellectualisrx in As:erican Life (1963) 
h^s much to scy about the fundaaiea tal is tsLand their attacks on evolution, 
hunjanism, and the modem vorld. Also of interest in his sttidy of 
Social Darwinism (19^4). 

The Scopes Trial was one of the laosc dramatic confrontations of 
fundaxnencalists and evolutionists. It is deaTt with bv Allen (1925), 
€inger (1958), To!npkins (l965)% and very effectively and coffipletely 
by de Camp (1968), Lawrence and Lee (1955) baeed a play on the trial. 

TO TEAOrl CR XOT TO TEACH, TM^T IS TI!E QUE^irON 

The first part of this paper sought to establish: that I>ar-rin*s 
hypothesis of evolution, as nodified by subsequent generations to 
becoae the Darwinian theory of evolution^ has proved to be a powerful 
tool for understanding the h^.stor>' and diversity of * life. It is the 
only scientifically acceptable paradigni for these phenotsena. The 
second part of this paper ctiphasised that there a^e non-sciencif Ic^ 
largely religious, parodigns for explaining these saae phenor:ena. 
Furthermore, ardent: proponents of either paradign are unlikely to 
admit the correctness of the antagonistic paradiga. 

Ve have now reached the question, **!vhat is a blolog>' teacher to 
do?" There is no single answer zo that question • w'ere one to approach 
the question on scientific grounds alone, the answer would be sixaple. * 
But often the choice cannot be aade solely qn scientific grounds. 
What- if the citizens place social, religious, or political considera- 
tions above the scientific? Does the non-teaching portion of xhe 
community have the right to say vhat is to be taught? 

What is taught will depend on how one answers these questions. I 
will suggest son:c of the tjorc obvious answers and outline briefly how 
one. might proceed. The scenarios will be arranged in a sequence begin- 
ning with an exclusively scientific approach and extending through 
those that take into account non-scientific pressures^ 




Science Only 



This Is the coimnoa p,atti?rn of teaching evolutionary biology in the 
schools « The Daivlnlan hypothesis Is explained and then supported by 
the data of paleontology » comparative'* anatony^ eotaparatlve eabryologyt 
and acre recent developments in population biology. Essentially all* 
of the icitroductory^ interncdlate, and advanced boojcs in evolutionary 
biology adopt this approach—as do the tcxtboop of general biolagy* 
All aupe.matural explanations are ignored. Stfaents are assured that 
all acientxsts who have studied the matter accept fully that there has 
been an evolution of life^ that a satisfactory general theory can 
accotBttodate the observed phenoacna^ and that new information is being 
added, rapidly to the field of evolutionary biology. Sooe of the 
students wonder, no dou^t^ why the issue of creationlsta is ignored* 

Kany iaportant scientists and educators believe thd^z the '^Science 
Only" approach is proper and sufficient. Siology is a science and 
biological classes should restrict their discussions to science. 
Nothing useful is to h^. gained by taking note of the xre^tionints or ; 
their views. j 



Evolutionary Biology in Perspective 

But do we scr\'e Che best interests of the students and oi biology 
by pretending that chere is no opposition to evolution? If ox^ answers 
this question with **no/* then one should deal with the oppoOTtion care- 
fnlly and explicitly* This is the scenario that I Hould prefer*-%iriiich 
sets ne aside fron ocst fellow evolutionists. I believe that catch is 
to be gained for the student and for science by dibcussing the nature 
of the objections to the theory of evolution. Such an approach' tias a 
valuable carry-over to other c<Sncentious fields whexe society has 
difficulty deciding what to do* 

Here the approach vould be to cover ewlucionary biology in the ^ 
standard way (Scenario 1) and then present the aain arguments of those 
who do not wish to accept evolution. The saain easphasis here would be 
to contraiit the procedures of evolutionists and creationists- in seeking 
answ^^-^s to questions • The scientist's answers sust, in the final^ 
analysis^ ^e based on .vhat observation and experiaeat can' tell iis about 
:he events in nature* The explanations can invoke only natural product 
and processes. Ail suitably trained individuals c^ be expected to. 
reach essentially the sane answers when they csspioy the same methods 
and can oake the sane observations. • • . 

The explanations of the creationists^ on the other hand* are based 
,altit3ateiy on ancient texts , in this case Genesis , It is assun:ed chat 
the statenents in these ancient texts were passed by word of oouth for 
unknown generations but their origin was a revelation to one or a few 
Individuals. These revelations are accepted as true therefore, 
the events of nature rsust be understood in their* tenas. 

Once this dlchototsy of approach has been established, the discus- 
sion Slight proceed to discuss the very different consequences of these 
approaches. During the cents^ry since the Origin was published the 
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scientific approach ha^; been highly productive* . Our uTjderstanding of 
the hlstoT^r of life has Increased enoraou-sly* We d<w have s erne know- 
ledge of the very ancient forcis of life.-that lived isore than . 700 
arfJLlicn years ago. nuch dac«» on the varie^y^c^ fossil organises chat 
lived at later times, even irjore d^ia on the ^interrelations of organises 
that had hard structures, such as bones and teenh that fossilize veil,' 
and ouch daca^on the dynasiics of .tbe evolutionary process. ' Ueverthe-. 
less, the-student isust" understand that although icuch has been accorj- 
plished, new information is being obtained an an ever increasing rate- . 

». 

Scientific Procedures Work! - 




pa9<: centur>^ have been aal^J-y in pointing out the evoitir<:op cacnot 
explain everything — to vr^ich the evolutionist trusn agree* 

Despite its superficial sinn>licity, evolutionary* theory is often 
not easily understood by nigh school students rur this reason sose 
teachers prefer to use r^edicine as an exatsple of scientific and non- 
scientific approaches to probletas, the argusent slight be developed 
as follovs: Little progress vas sade in urierst ending t^ie nature or 
treatment of disease so Icng as it vas 'assuseS-^xhat sickn^KsvaS' 
consequence of the displeasure of sone god or evil spirit, scien- 
tific study of dis^se^y which has/oecone Increasingly possible during 
the past century-, has t^ade great prcg;ress» But, once again^ there is 
Z3uch to learn • 

Thus in a comparison of the usefulness of scientific versus super- 
natural procedures in studying natural events (or^anisiss, disease, etc.O 
oost -people , will reach the conclusion that one works and the oVner c<*«|Sv, 
not . 



Givlnr, Squal Ti3 5 ^, 

7h£ final scenario that I will r:ention reets -the derands of soz^ 
creationists ehat,-- if the history of life is discussed at all, ^^tal 
tiae should be given to the evolutionist ^s and creationist y paradig^s^. 
^There is an obvious fourth scenario — teachiag only creationist>— but 
oae who select:> that solution has no:hing to learn froa ce.) ^ 

Equal tine does present a probl'ea^ The b^tsis of creatiorJ-Sn:. is 
Genesis I and the first nine vrrses of Genesis 11 ; all of which c^in 
be read in three ninutes. On t^^e other hand^ even the cost surr^ary 
review of the evidence on vntch t^^e theory of evolution is hased vculd 
require at least three .class hours, r^.vertheiess th^re are other ^ravf: 
to devote the required equal tiae to creationissi* One is to discuss ^ 
Che fascinating" reasons for the twc very different ac<pounts of creation 
in Genesis :, one in Genesis I plus the first four verses- of Genesis II 
and t^e other in Gc^ucsis II verses 5-9. Long ago biblifcal scholars 
concluded that Genesis is a coinpilaticn of several very different.. 
source;5. The Cenesl-^ II account of creation is very old. It\is thought 
to represe>.€ a very ancient story that was finoJI Iy written; down in the 
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lOth century B.C. The Genesis I accoiint of creation is saich taore recent 
Apparently it v. as not .. forsailated until after the Jevs h.ad returned -froa \ 
captivity in Babylonia in the 6tb century. Tr.is account is. rerarkably 
sinilar to the creation ryrh of Babylon and, apparently, the priests .. 
dr»r heavily o- that source. A gooc g^ral account of the biblical • 
schoLarship that led to these conclusions is Suttrich (1952J . 

Sojae creationists have insisted that creationist be treated as a 
scientific theory (see, for example, John N. Moore, 1973 and Gish, 1973) 
(I should enphasize the difference ber-?een the John Ifeores . John N. . 
Moore is a creationist. Z. an John A. Moore, an evolutionist.) If this 
is done* one should subject the statenents of Genesis I and Genesis II 
to .the rigors c£ scientific procedures . Thus, the stateaents 'should be 
accepted .is provisionally trus hypotheseii and deductions aade fron then. 
These deductions should then be rested to see' if the hypothesis is, false 
,or_,2^sioly .zzae. Not surprisingly, "such tests give no support for the 
stateaents in Genesis . TTiese are comlex aatters . and deserve a fuller 
treatnent than is possible here. I /e -dealt with this probles in' nuch 
greater detaril (J- A. Yjsoxe, 1975). 

The"'- is another and quite serious problea associated vith includ- 
ing ere ..an in a science course, which account of creation? There 
are hundreds of stories' of creation, each associated vith a specific 
race or sect. One could aai stain that, in all fairness, students . 
should- be exposed to sany nore than the one in the Ju4eo-Christian 
tradition. But the probien here is that, since nost are entirely differ- 
ent, all can^gt be correct and' there is no procec'ore to select a 
"correcr" one. Tr.e point should also be sade that a' sect believes its 
own story and usually regards all othf^rs as ayths.. But that is vhat 
avths are: the other fellcv's sacred or traditional belies. And one 
shoid add, ncr-e of this is science and, if it is to be treated at all, 
possibly it should be in anthropolog:/ or social studies courses. 

Sc^ of the probless involved in the creationist controversy are ■ 
cealr^-rith -by Kelkin '(1976a, 1976b, 1977), Chacbers (1977)'. y^yer 
(1973, 1977)', Cloud (1977), J. A. Moore (197^), Le Clercq a974) , 
Scebbins (1973), I^obzhanslc.- (1573), Hardin (1973), J. 'J. Hoore (1973), 
Gish (1973), Cory . (1973), A-ulie (1972), Ost (1972), and Kewell (1974). 

.^STSCRIPT 



A generation ago, vhen science v^s basking in the glory of its 
accotrpiishnents in World V^r II, -he a the Space ?rogra= was beginnir-g 
to -^on.cufcr. those c-r'ner v:-rlds, and vhen the gene was identified and 
its code cracked few would have anticipated che. anri-?. .■.-.vaice ciinate 
of our 'tines- TOcavyO^ find science undej^attack, n<fL because it 
■fails to increase- 'Stir-'understanding _of n<i-ure but, acre probably, 
because it succeeds 'too well. It is" now clear that scientific kno--- 
ledge used without restraint can lead to the advantage of the few and 
the disadvantage of the v::any, to over-exploitation today at the risk 
£>f the destruction cf tonorro-^.^ In our concern for our lives and. 
aproftts we so=eti=es *1 to renenber tha£,.;Science is neutral, though 
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.the uses to which it can be put are not.' Thus nany see science as the 
demon vhcn, instead, they should see theniselves. The thoughtless then . 
seek to control science when the/ should seek to control human, nature. 

Be that as it may, some of this antiscience is reflected in 
attempts to have the foundation theory of the biological sciences taught 
as no laore than probable hypothesis or tentative theory and the creation 
Tsyth of the Jtideo-Christian tradition promulgated as its scientific 
equa^ A determned .ujinority has been able to incorporate these views 
in some of the lavs of the* land^ 

Scientists nortJaally expect that scientific inatters will be resolved 
by data, not emotion. They isav look upon those who reject the rigors of 
scientific proof as' somewhat benighted. But in a democracy those who 
dwell in the light and those who dwell in the dark share equally in 
^ deciding what shall be taught. A generation ago we in America watched 
in disbelief as the Russians repealed Mendel's Laws of Inheritance, 
Today some of. our states seem to be doing the same for even more funda- 
mental laws of biology. 

It is clear now that no amount of scientific evidence will convince 
creationists of the vacuousness of their position. The controversy they 
have started will be resolved only when the scientists convince the 
voting majority of our citizens that the procedures of science work 
when we seek to understand nature and that supernatural and transcenden- 
tal procedures do not- . 

Biology teachers have more to teach than biology! 
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Melvin Weinswig presents a straight forvxxrd and informative look 
. at drugs. He breaks the discussion into drugs of abuse and antihio-- 
tics; the bad and the good aspects of thr drug zoorld. ^ In a society 
as obsessed and dependent on drugs as ours is^ educational institu- 
tions have a serious responsibility to look at all aspects of drug . 
use. . 



DRUGS 

Melvin H. Welnswig 



In order to prepare today's youth to face the complexities of our 
society, we must educate them in every way possible* .One issue they 
will face is that of drug use and abuse. The Jtemptations are enormous 
and sometimes overwhelming,, and our drug-oriented society does not set 
the best example for them to follow. Education must .make them strong 
in their conviction and so they are not misled by false claims that 
"it won't hurt you" or "come on, everybody's doing it." 

It is important to be armed with factxxal, accurate information in 
order to make sense out of the conflicting claims that assault us 
daily. Drug education programs must present the terms used to discuss 
drugs, the drug problem itself, and finally be able to^present the 
information in a rational way so that each student can determine for 
liimself the "harmfulness" of a substance currently being used and 
abused. There must be open communication and understanding between 
teacher,' pupil, and parent if the program is to succeed. The emphasi.*; 
must be on education. Education must become the aggressive combatant 
in the battle over drug use and abuse. The information must be develop 
mental, factual, and nonjudgmental. It must not moralize, yet it must 
attempt to place the-^ssue of drugs into a proper perspective. 

This chapter is designed to give you the basic information and 
you can expand upon it according to your areas of strength and 
interest. 

Due to .the limited space, only two categories of drugs xdill be 
covered in this chapter. The categories will be antibiotics and those 
drugs that: act on Che central nervous system (CNS) . The majority of 
prescriptions filled in the "world eacli year would be for these two 
classes.^ Unfortunately, the CNS drugs have the greatest potential of 
drug abuse than all other classes combined. Before considering these 
classes individually, it is important to understand the definition of 
"a drug" anc' related terminology as well as the factors that influ- 
ence how a drug works. 

A drug is defined as any substance that affects living processes 
and that can produce more than one response (effect) i'* the body. If 
the effect is good, it is called a desired effect and if it is bad, 
it is called a side effect. 
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pharmacology is the study of drugs and their effects on the tody. 
This study Includes the history, original source, physical and chemi- 
cal properties, taechanism of action, absorption, excretion and 
therapeutic uses of a drug* 

It is difficult to predict exactly how a drug will react in the 
body and how many such effects it will actually have. The effects that 
a drug will have in the body are deten&ined by several factors: 

1. Route of administration (oral, rectal, injection) 

2. Rate of absorption (how quickly it gets in the blood stream) 
3* Structure of the drug Chow large a molecule; its -solubility) 

4. Site of action of the drug (is It absorbed in the blood or 
doss it rer^in local) 

5. I>rug interactions 

5. Characteristics of the patient (weight, age, sex, tolerance) 

To understand how these factors influence the drug effect, let us 
follow the pathway of a drug from the administration to the excretion. 
In order to determine by what roure the drug should be administered. 
It is important to know the size of the molecule, whether it is fat- or 
water-soluble, and its chemical properties. The- larger the molecule, 
/ the slower the rate that it can cross the cell membrane and therefore 
the slower the onset of action. If it is fat soluble, the drug can be 
stored in fat deposits and will be released more slowly and for longer 
periods of time. These two factors therefore will determine dosage 
(how much drug) and how frequently it must be given,. If the drug 
effects last for a long period of time, fewer doses need be given. 
Snail changes in the chemical structure ca^ change^ the chemical proper- 
ties of the drug and change the total respo^nse and the toxic effects. 
In soTT* ways, the structure can be modified' to increase the desired 
effects, and decrease the dosage, which also results in a decrease of 
Iside effects. 

The drug is then administered, eventually gets into the blood 
stream, and exerts its effects in the body^ A certain amount of time 
passes and then the drug enters the liver or kidneys where it is 
changed chemically (detoxified or metabolized) and then is excreted 
either in the urine or feces. 

To add to the unpredictabiiity of a drug response are the patient'* 
weight*, age» sex, tolerance to the drug as well as when was the drug 
taken, were foods present, and is the patient taking any other drugs? 
If a patient weighs 250 pounds he will require^ a different dose than 
if he weighs 100 pounds. If chis dose is high, will it exert any 
tcxlc side effects in the 250 pound person? If the patient takes the 
orug on an empty stonach, will more be absorbed and, therefore, could, 
a lower dose be adtnlnis cored? And last of all^ the'drug response can 
be modified if taken with another drug or given prior to a second drug. 
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Sooetixaes the effects can be beneficial and improve -therapy, and this 
knowledge is put to ^se in a ntmber of conditions. Other tiaes, it 
can interfere cpinpi*ecely vith the effect and eliminate the response 
of both drxjgs or it can cause serious adverse reactions. The affects 
that result when two or more drugs are given at the same tins are 
called drug interactions.. This can be a special ^>roblem when a 
patient requires a number of medications such as in the geriatric 
patient or in ix cardiac patient with High blood pressure. 

From this brief description^ one can apprr:iate .the complexity 
of drugs acting in the body when administered by a physician to treat 
a specific illness and taken' in the proper dosage, llie picture 
becomes more complex when one considers drugs of abuse and their 
effects on the body without normal supervision and not in normally 
accepted doses. 

• 

No group of drugs has influenced man in both a. positive and a 
negative' way than those drugs that affect the CNS* This category con- ^ 
tains drugs that relieve the severest of pain, drugs that have improved 
treatment for. mental disorders miraculously as well as corrected condi- 
tions of narcolepsy, hyperkinesis in children^ and insomnia* Unfor- 
tunately, this category contains the greatest number of drugs that are 
abused and misused today by people of all ages. Therefore » the drugs 
of the CNS will be presented from the point of view of abuse potential 
and then methods to control and eliminate the drug problem. 

. . DRL?GS OF ,^SE ^ 

Classification of the drugs of abuse has become a much larger 
problem in recent years than previously. Until recently, there were 
only a few materials, mostly of plant origin^ that were abused in 
their application by man. Today there are a host of substances"^ not 
only from plants but from minerals and from laboratories as u-ell. In 
addition, there are cults that claim to find a mind-expanding activity* 
or an enlargement cf wisdom^ or greater creativity by use of certain 
substances. 

Adding to the complexity of our problem o£ classification is the 
fact that some people are ccnstantiy finding additional means of 
••turning on." The ingestion of household nutmeg or morning glory 
sectis leads to hallucinogenic states, and the sniffing of glue or 
gasoline — ^^the latter more common among the youngest teenagers — also 
can intoxicate. To add to the problem, there are some prescription 
cough remedies chat are abused for their intoxicating eff^ects. 

This abuse cf common substances poses new problems. One can pass 
lavs to control the production and distribution of drups, but how decs 
one regulate the sale of nutmeg, flcver see.is or gasc Ine? Alcohol 
and tobacco will not be considered in tbe scope cf this chapter due 
to a lack of space. AlcLchol itself Is a drug that is abused by the 
greatest nitrr.beri; And the vidos^t variety of ages of people in the 
United States. 



It is necessary to review the nomenclature of soae ccrrson temas 
that have bcco:?ie cctaaonplace in usage but* nevertheless, are aisused 
and misunderstood. The folloving teras cover a varying degree of 
drug use or response: 

a. Habituation: Frequent* often regular* indulgence but vith 
psychic dependence only; e.g.* the feeling socetiaes des- 
cribed after missing one's customary cup of coffee. 

b. Addiction: Eabituation vith physical dependence; physical 
disturbance occurs upon withdrawal of the substance. 

c. Psychic Depencepce: The drug is desired, but no serious 
physical effects are noted if it is not obtained. This is 
rather characteristic of stimulating drugs? i<: nay lead to 
antisocial acts. 

Physical Dependence: Serious physical and mental effects 
appear- when the drug is withdrawn. This is more character- 
istic of depressive drugs and also may lead to anti^social 
acts. ^ 

e. Tolerance: An increase in the dose is required after a time 
to produce the desired, effects. This effect occurs only 
with sedative, depressing drugs. "'Learning to drink" alco- 
holic beverages is ah exaapie of developing tolerance. 

f. Drug Dependence: The terms addition and habituation fre- 
quently h^vo *-cen used interchangeably, but this is 
incorrect practice. The World Health Organization (V^'SO) 

has suggested replacing both these words with a single, mere 
general term, "drug dependence." Xz may be defined as "a 
s'^ate arising from repeated adminisrratioix cf a drug on a 
periodic or continuous b^sis." All three terms very likely 
will become a part of drug abx;^e terminology* with ''drug 
dependence" the favorite of medically oriented groups* and 
'•addiction" -and ''habituation'* being favored by legislative 
4nd lav enforcement circles. 

Usage of the t ^vm "drug abuse" here will refer to the use^ usually 
by seif-*adminlstratlon. of any substance in a manner which deviates 
from the approved medicrl or social patterns. 

Preliminary .to, the classification, one more point needs^ emphasis. 
It is important to rcTi-embef that ^licme substances have valid applica- 
tions in good medical practices; they need only be used under appro- 
priate circumstances^ in appropriate doses.and for appropriate 
periods of time. Drugs are good! Respect them, and appreciate ther:. 

There are six main groups of substances subject to ^^husc although 
the last one to be described Includes a heterogeneous mixture of items 
of varied chemical background. 

1. KArcotics : yxdlcally defined, these are dT^.\^s which prcd^re 
insensibility or stupor due r their depressant effect op 
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the ceacral nervous sysrea. In<:luded in this definition are 
opiua and its derivatives csorphinet codeine^^ and hero in » plus 
the synthetic opiates such as hydrooorphone and oethadone* 
Hatzxral and synthetic csorphine-l ike drugs are the ajost effec- 
tive ijain relievers in existence. They are all narcotic* 
(sleep producing) they are all addicting (producing physical 
and psychic dependence)^ they all produce side effects that 
make JChea less Chan ideal analgesics^ and yet chey still are 
to be counted, among the cost valuable agents in the physi- 
cian's «r3usaentariua. Any opiate drug presents an addiction 
pJcttsre vhich typically develops in three stages: 

A. Tolerance — when increased doses are needed to get the 
desired effects. 

B. Habituation — psychic dependence occurs ^ giving the patient^ 
the iiapression that he raist take the drug and that there 
is some benefit derived fronx it* Babituation is not easy 
to change or ctiainate. Mild withdrawal syxaptoms at this 
level cay occur even before physical dependence develops* 

C» Physical dependence — alteration of the cells' f roc norsiai 
occurs and in this altered f oras the presence of they drug 
is necessary for continued fTmctiou* The drug is alcost 
a nutrient for the cells and without it they canni^t per- 
fora nen2all>s causing abnoraaiities of functions 

The syaptotss of vlrSdrax«il frco narcotic axfalgesics are tj^Jical 
of xaany drug adiilctions and include restlessness^ /irritability* 
shivering* suscular trcssors, headaches, flushed skin, chilis, 
taydriasis^ insosmia^ abdoainal crarrpsV excess sweating ♦ 
deliriua, severe rsusctiiar trasiors approaching convulsions ♦ 
x'osaiting and diarrhea, vhich after several cays lead to dehy- 
dration and velghr loss. Finally, ^ feeling of desperation 
and an obsessional desire to secure a ^'flx" occurs* The 
intensity of withdrawal sy-i:>to3s varies t;ith the degree of 
physical dependence . la turn, is ^related to the assount 

of drug custcsarlly use-i. Typically » the onset of sytrpcoos 
occurs about S-12 hoc afr -r the last dose* Then the sys^ptcas 
increase in intensity^ reac*. a peak between 36 and 72 hours', 
then gradually dininish over the next 5 to 10 days • Howfever, 
venikness* insocjnia, nervousness^ and tiuscle aches and pains »ay 
persist for several weeks. In extrene cases , death ssay result* 

Sedatives (Depressants): This grocp includes a variety of old 
anJ new drugs which have a depressant effect on the nervoas 
sysxco. The barbiturates, which are the tiost cc -rssorly aLused, 
are awng the rscst versatil-e depressant drugs available^ They 
are used for epilepsy, high blood pressure,^ insosnia, and In 
the treatment and diag^:osis of cental disorders. Their tjost 
frequent clinical use is for irsrania* Kov thes drugs work is 
only di»ly unde:^tood, because -the phenomenon of sleep itself 
still awoics co55pietc explanation. 

The incidence cf cbnv*^lsive abuse of barbi.turates cannot be 
stated with accuracy • cogcch'^r with related drugs-, 
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Hhypaoclc abuse probably exceeds that of opiates* Illesal 
traffic la these Jirugs is coasaon. Opiate users frequently 
et^loy barbiturates co boor:r the effects of weak >ercln, and ; 

' TOay heroin addicts are physically depcadeat oti .both opiates 
and hypnotics ♦ 

' * ' > . ■■ ' 

The short-acting (the tens nfitfcrs to onset and durariot of - 
V J action) barbiturates such as pentobarbital CjzlXw Jackets'*) 

or secobarbital (^'red de v il s'') are pre ferred to che long-act xng 
*' a^^ts such as— pheaobarbital. 

Host tssets take the drugs' orally* but there are a few* heroin 
and taorpnine users who taXe barbiturates intravenously • It 
♦ has been observed chat the cosfcination of aaphctasdncs and 
bafbiturajres p3Coduccs laore elevation of cood rhan either drug 
^ . alone, but the sechanisa of this additive efiect Is noc^ clear^ 



Both the acute and ciironic effects of cdld barbitarate intoxi- 
cation ^rescsirle those of intoxication vith alcohol The 
intoxicated individual shows a groerai sluggishhess* dlffi-- 
culcy in thinking, slowness of sp^iech and comprehension, poor 
aeosory, faulty judgad&t, narrov^d/range of attention, eraotional 
lability, and exaggeration of basic personaliry traits. Irri- 
tability* quarrelscaeness* and jsoroseness are coasaon. There 
t?ay be laug^iing or crying vithout provocation, untidiness in 
personal habits, hostile and paranoid ideas, and suicidal 
texui&^icies* Because the abuser is prone to stur3>le or dpsfp 
objects,' he often is bruised and has cigarette burns. 



Chronic ai^use of barbiturates is accompanied Sy the develop- 
ment of tolerance and both psyci^blbgical and physical dep<«i- 
dence* Physical dependence appears* to develop only vith 
continued ingestion of doses such greater than those 
custossariiy used in ?he practice of ocdicine. 

In a physically" dependent barbiturate abuser, abrupt vith- 
djrawal is extremely dangerous ♦ Elitaination of the drug 
ahould alvays be supervised by a physician in such cases* 

In -withdrawal the same signs appear 8 to 12 hours after the 
last dose, as vith frarcotics* At apprpxttaately 24 hours the 
blood pressure is extremely lov and when the person stands 
abruptly, he often faints. Within 36 co 72 hours, convulsions 
resctJ^/ling epileptic seizures- taay develop and these can be 
"fat^il. Whether o^r not convulsions occur, there nay be a 

, period of ©ental contusion* > 

*- ■ 

Oeliriuc: and hallucinations sitiilar to. the de. J vVua.tsay per-- 
sist for several days and be folloued by a long period of 
alee?-. The dcliriun and hallucinations are fc:lt by aany 
investigators to be a canlfcstation of an tindcrlying psychosis r 

3. Sciaoljr.ca ; This group includes drugs which directly stinulate 
the cencrAl nervous syscea. The s&ost widely knova sclmlanc 
used in this cou-ncry is caffeine, an iagrcdldac of coffee, 
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tes» cols> and ocher b^ver.«.ges* Siace Che effecl^ of caf^einis 
are relatively aild» its "usage is socially acceptable* and i^: 
is -not an abuse problcn. Another naturally occurring n:^t<3rial 
vhlch is an abuse problem .is cocaine* 

Co<:aine is obtained f rot: the Icis^es of the coca, bu^fw iour-d . ^ , 
In c-ertain South AsKrican countries. It is aa^tTdorles^^, white 
crystalline powder vith a bir.tcr- taste^ producing ntcsbness of ^ 
the tongue. The leaves have 6 e en used fo:; centuries by the 
natives in Peru and Bolivia t6 increase their endurance, an ^ , ' 

effect which is correlarcd with stisulatibn of the central- ner- 
vous -syst^ez^^ Thi's ' exfec;. is sooetises misinterpreted as an 
"outgoing nature'" in an individual vho becoacs talkatlvc,^ ^^^^'^ 
less» and easily excirable» As with cost stitsulancs* the sti2>- * 
uiation ±& soon followed by depression; in the case of an 
overdose, d#atn t:ay result fros: respiratory failure. Tne zaosz 
isportant actiori of cocaine/ clinically, is ita ability to 
block conduction of nerve irspxiisei*^ hence its use as a local. . 
aiiesthetic. Cocaine local action on the eye is of particular 
isporcance and because o5''its powerful -action is ncj used / 
orally' or/by injecrion^ Its.^- abuse pctsatlal/is Jss^e signifl-- f 
^canr ttsan that of the ar:phetat4nes and is aitiost Sndistingidsh-^ ^ 
able from those effects- obtained with large arsounts of _ ^ ^- 

asphetaaines 

Asphecaciines are the principal .drugs of concern ac:iong the sti::.- 
ulants. In the U.S, and England^ ataphetatii nes are seldon used 
alone when -abused but usually are coabined with barbiturates 
and -alcohol* This t^y be an attecg>t to" reduce the anxiety and 
jitters- produced by the aiphetasdn^es, but theNpotentlation of 
the euphoric effects by barbie ara^es s^ay also play a role in 
cosiining these^ classes of ajgentsC 



Asain» we trusr, note that dru^s p^'roducing central nervous oyster:: - 
stisnjriation have therc&peutic va.l^ies in the ranagetret t of ■ . 
various ailtisencs including depression -estates, r^arcolepsy 
.(invoi''ntar>^ attacks of sleep) ^ hyperkinetic children, (exag- ^ 
gcrscec state of over-activity) and in ccunceracting excesisive' 
drowsir>ess cavsed by sedative d:^gs* At^^hetardLnes ■ have becottc 
subject abuse as a popular creatnent of obesji.iy; siice they 
unquestisma^tjly depress the appetit^^ Tneir effectiveness as 
appetite cepressancs over a long period of ^tinwe. is cuestionabf 

A certain at:eunt^ of habituation c^es occur with chronic use of 
arsphctacdne^ but chis does not assutie the sane proportion as y ' 

the habituation and addiction of the narcotics or sedatl-^res ^ 
previously cser. ioned.* withdrawal of the drug does not result ^ 
in :sign.if leant sys»tctis. Sotsc authorities say that stirsulants 
produce only csetJtal and not physical sy^ptor^s ujpon witbdraval 
wcreas thq^epressants produce both kinds. - * 

There h^^f^ been a nuciber of reports of i^ividuals using the,. ^< 

aaphet^aines: by injccrio".> An acute -psychotii: episode pay 

occur^ or a drug psychosis r-r^* develop either fro ai the chronic 

Use of large oral doses, of ac::iliaistraticn of these drugs. by i:^^ 

the intravenous route. . * « 



L T™ulli2«rs-4--.-.--3hLi^grfiu? QtA^Z^ differ .£ro= she barbitu- 

ri! ^ ^=£rs. cai.-. but theoretically do =ot produce 

sleep or- cause drbvsiness, 

Tl»eir priaclpal -usage dates froc the'' early and rdd-"'50s when 
--.^many sseatiil hospital vards were tf^SLnsforsed because o.tn^ 
^^Jo<3ucticn o£ tvo dr-.gs rhat helped ease, disturbed f n^- 
^Sthtr drus. reserpira '-..de rxoT rauvolf ia. a root found 
lSla>%.or ?hIorpro=az r.t synthesized i= France) cures 

s^ckiinds. Each. ho. .l:^^.olence, relieves aaxisty. 

increases co=:unl : t^^^f /rf" ^l^e 

froa psychotherapy an<: co return to no^e ^^^^ 

tvo drugs and their derivatives constitute -ne ^o-ca^^ed 
"^cea-" or "ta3jor" tranquillizers. Tn^y are useful in severe 
nStal'disorders (psychoses) . la addltl^r., both |^'^/;e2su-c- 
=edlclr.al uses, Reserpine is csed to treat nlga bloc. ?. ess u.c, 
chlorproaacine is ^^ed as an a:stlei^tic, io;». severe allergies. ^ 
and for sany other condltioris- 

-^ne Eild or "rrLaor" group of tranquilizers includes 2 r.uster 
• If r.^ v2-,-ing ch^cal nature. For the 303 1 parr, tney 

- ' :re norerfectZi; I. psychotic cor.ditioas. Tney are '^.dely 

.used, hcvever. ir. the treataect of e=otiopal ^e ' 

ccrized by anxiety ar.d tension. Many are useful ^° nuscxe 

'ihro-Jgh the -ears, it has been found that so^e ne=bers of rhis 
se^^d gro.^;of trar.cuillaers occasionally have been aousec. 
Tne dr-^gs Dost often reported have been neprobasate (.^*- 
to'l; Equaril) and calordi.-zepoxide i^<:^rl^ . Coronlc abuse 
o* these drugs.- Invol'^.n? increasingly larger daixy ^oses 

xj^xA.- in the develcpaent of physical and/or psychological 
depone; sitxilar to that se>= '^.th barbiturares. ^^h^f 
use of h-«h dose> cui result ia convulsiww: it tne urug» .^re 
suddenlvtit'ndrav^-. To date, the abuse of rr^coilizers nas 
been infrec-j3?.; and has not-'-iecocc a street proolea. ^ 



c i^. so iroortant in our society thar rr=-- 



'.zcrrare no'-' "the- =ost co=cnly J^^J 

t^«: . 
t ioni- 



se ■'s are no-' 5scn;<; i^A«>i- ^.w—^^--^^.- ... - ^ - 

.5. They account" for approxiaately one in se- prescr^p- 



Hallucino^e:.^ : This gro..? ot drugs includes :-SD, 
. . ^^IESi7^^5 gi^--' s^^*^-^' psilocyoin (fron =escal 

bean) 4-id lastiv, marijuana. All of these checdcal suostance. 
,vith the cxcepticr: of marijuana are not as '--Idely abnsed as 
they'-vere during the Viet N-an War protester era. 

^ ' DiJ.cor.ion of perception, dr^r, ir^ge-, and /naliucinationu are 

characteristic -ffects of this ^oup variously caUed na^lu- 
clJiiigens. ?svchotoc>if:etics. dv^leptics, . or psychedexics. Aw 
prestent. they hs'-'e no general nedical use but there are a te--^ 
research a?Dlicaticr:3,, One of the =^t taaked-about drugs o. 
-eccnt years, LSD^ nas fasc^aced scientists botn because o. 
^r.: trer-endous potency— i/30b . COO o'.ncc can produce a trance 
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la whicV 2 san say danrra -^ith his ova. shadov— and because its 
action offers clues to ner-v-* cell cher;istry. 

The 6y=?toas other than hallucinations, are: irrational conver- 
sati^ and feelings of anxiety, although the indiv;j^ual does 
not think he has lost consciousness or awareness. In addition, 
a nur»er of peripheral effects are obser^/ed such as aydrlasis, 
sweating, and increase of blood pressure. 

^ariliiana, while che=icaily distinct froa those substances 
aention«d above, is also c-risidered a hallucinogen. At 
present, this is thc'i^^t popular illicit drug abused today 
and it Is also the drug about which aost aisinforsation exists. 
S«je of the confusion regarding aarijuana oay stea frca the 
fact that, while no: .. rarcotic, it has been cootrollec bv tnc 
Bureau of Narcotics ar.d Dangerous Drugs. Tnis classification 

'■•"given rise to -reports that the effects of this drug are as 
daaagin? and as addictive as those of heroin. Those with know- 
ledge of drugs kncr- this to be u-ntrue and therefore assure ai: 
information on n-srljuana is incorrect. 

The active principle in marijuana is tetrahydrocanriabinol^. 
Tne aost concentrate^ supply of cannablMols is fou-nd^ir. the 
px^'paraticn called '.'hashish" available .ros che Far East and 
is'obtained fros a resin in the flower cl 3ters. The potency 
of aiiv aari^'jana preparation varies with -ne grc'.rth conditicr..-, 
cncountered^by the plant. This is the r..in reason for such a 
variance in strength between sariiuar^a grown in different geo- 
graphic'vlocatior 

>4arij.3ana Is green, not br'---n; shells li:t^ alfalfa when burned; 
and appears on the illicit r^rket in the bulk fora or as 
cigarettes =adc by rolling the weed in paper and tucking in 
the en.-ij:. Tne "joints" bum hotter than tobacco cigarettes, 
and the tip is brighter. 

Marijuana presents 3 drug abuse pattern which inc3^es psycho- 
logical dependence ar.d certain undesirable side eff^'ts. Afte: 
inhaling tne szvoke :he user notices a feelf ng of "ii?r::r joy" 
described as being "nigh." If he i3 alone, he rz-iy "trip off" 
and be drowsVj, Njr watch a passing parade of technicolor il. - 
sions. In cospa^v, he =ay be talkative and hilarious. His 
wrarcsess, rouch, ar^d perc«rptIoi. are slt'?rcd, p^articulsrly as 
they relate to tirse an.: space^ 

If a negative influence i'^nsinuated, he raay becone anx.ious,- 
siighrly paranoid, and a; -hensive,. Tnls experiet^ce is known 
«s a bring down," and a "dovner," or a ^'busaser." 

The effects of a "crip'' last frcn three to five hours, after 
whic -. the user feels slight lethargy arjj hunger. - >tost trips 
are reputed to be innocuous affairs wlt>. less destructive 
c*?fcct than an alcoholic binge. For this reason many persons 
do not recognize the true dangers of the drug. 
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The psychological effects of . laarijuana are as varied as the 
range of human personality and as complex as the factors which 
influence the user eacTT tirae he smokes. If in a good mood 
when he takes the drug, he nay sing, laugh, joke, and enjoy 
hlmseli. Or he may e^jtcr an autonobile^^md vith "teashades" 
(sunglasses worn because of the dilajTr^d pupils) over his handi- 
capped eyes and with in^aired re^ii^es, he may plow through a 
crowd of pedestrians* He na^>^f?Mitate on the beauties of art, 
nature, and nusic, or he 22ry step out of an 18-story window- to 
catch a butterfly, * ^ 

Opinion varies on v^at effect narijuana has on sexual response-. 
It is not an aphrodisiac, but it does release restraints. By 
distorting tirie and space it loakes orgasm ^eea laore prolonged 
and intense • 

The use of inar:',juana as an intovji-cant is second only to that 
of alcohol. It usually is obtained by contact with friends 
vho are users. 

There seems to be ^ little lasting physiological harm occurring 
from the occasional use of marijuana. But, stressing this and 
seemingly ignoring the adverse psychological effects of the 
drug, ' proponents of marijuana advocate its legalization. 

The casual user, the curious one-timer, and the Investigator / 
4ay take the -drixz vichout deleteriotis effects. But the chroniic 
LLser develops a psycr^ological dependence; he is just as "hooked 
as the people wc call addicts. Tais person develops inertia, 
lethargy, and indifference. Ever if he does not have psychotic 
or pseudcpsychocic episodes or begin a criminal or violent 
existence, he becomes a blight to society. • Ke "indulges" in 
self--nej;. ect. Even though " give the excuse that he 

uses the ^rug to' enlarge hl^ -understanding of Mmcelf, it is - . 
the drug experience which becomes the principal interest. Th e 
drug ser/es ^ a crutch ar^ replies healthier modes of self- 
discover;/ . ^ ^ 



6. Other Substances : This is a catchall for a v^iety of chemi-7^' 
cals which presently dees not include substances ordinarily 
consumed in unit dose forms, either orally or pirenterally. 
Ether and chloroform are^ of courses used medically, chiefly 
by inhalation. I-tost of the produces in this category, however, 
are industrial solv(ints. Some call this group "deliriants." ' , 
Gasoline and some other substances ca:^ be obtained by most 
abusers in near pure form, but toluene, benzene, xylene and 
similar solvents are not readily available >to many people, so 
they sni^ gl-c* lighter fluid, nail polish or ccher products. 
Thus, the fumes of a volatile agent or agents are inhaled to 
achieve a state of intoxication similar to that obtained by 
drinking alcoholic beverages but occasionally are accompanied 
by hallucinations* 

Tne physical damages of glue sniffing usually include effects 
upon the kidneys, blood, -and nervous system. An additior^il 
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danger ijs the chance of suffocation either from the overwhelm- 
ing presence of fumes in a closed space or from the plastic 
bag often used ^to hold solvents and glue up to the face. 

The following symptoms are characteristic of abuse; loss of 
interest' in school and social relationships, inability? to ^ 
relate to others, failiire to accept responsibilities, lack 
of aznbition for the future, marked alteration of behavior 
patterns, deterioration of physical and personal appearance, 
problems with parents or peer groups, withdrawal and uncommun- 
Icativeness, overt hostility and outbursts of temper, lethargy, 
quick changes of mood^ and development of furtive habits. 

'*Drug abuse continues to be a serious social problem in 
America, iiy goals are to discourage all drug abuse in 
America — and >also discourage the excessive use of alcchol and 
tobacco — and tb\ reduce to a minimum the harm drug abuse causes 
when it does occW. To achieve these goals with the resources 
available, effective management and-'direction are essential."^ 



ANTIBIOTICS 



Probably no group o/. dri^gs has done' more to increase life^expec- 
tancy of man than the antibiotics. .Antibiotics are agents produced or 
derived from living cells which can kill or inhibit the growth of micro- 
organisms. All of the clinicjily useful antibiotics are more tbxic to 
the organisms than To the patient and may be used internally to treat 
systemic infections. . ^ . - 

Alexander Fleming, while irking at a London hospital in 1929, 
' accidentally isolated a mold t».at possessed antibacterial activity 
against some bacteria- The name he gave this product was penicillin. 
After mary* nubscqucat clinical trials and purification, a new era of 
treatment was begun* Newer antibiotics are still being discovered and 
refined with less side effects and more specificity for the particular 
Infecting" organ isnis. Over-use has produced strains of^bacteria that 
become resistant to certain antibiotics. This has resulted In physi- 
cians^ trying to culture the organisms for identification before 
prcscrihlug the^ antibiotic that is best suited for treati ng rh . f^t --^ 
organism. ^ 



Antibiotics are selectively toxic to the parasite and yet cause 
minimum harm to the host or patient. Some of these drugs kill the 
parasite (bacteriocidal) while others irxhibit the growth of the para- 
site (bacteriostatic) • 

^ The spectacular success of antibiotics iiy^the treatment of the 
diseases in mrn has prompt^id their expanded use in a nuciber of 
related fields. Extensive use of their antlmcrobial power is mad^ 



^President Carter's Drug hhuse Message to Congress, August 1977, 
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in veterinary medicine. The discovery that low-level administration 
of antibiotics to meat-producing animals resulted in faster growth, 
lower mortality rates and better quality ha^ led to extensive use of. 
these products as feed supplements* A number of antibiotics are being 
xised to control brcterial and fungal diseases of plants. Their use in 
food preservation is being studied carefully. Indeed, such uses of - 
antibiotics have made necess^^ry careful studies of their chronic effects 
on man and their effect on various commercial processes. 

The success of antibiotics in therapy and related fields has made , 
them one of the most important products of the drug industry today. 
Antibiotics are produced by several million pounds annually in the 
United States and represent a value of several hundreds o^jnillion 
dollars. Research activity has been directed toward finding new sub- 
stances to tre.^t vira?. infections (so far untouched by antibiotic* 
therapy) but s . ^ar this has met with limited success. Many promising 
discoveries have been made tr.at produce an anti- infective agent active 
against certain cancers. Since these cancers are viral in origin, * the 
future development of more antibiotics effective against viruses seems 
to ^e assured. 



PROPER USE OF DRUGS IN TOa^ > SOCIFTY 



We are a drug oriented society. Advertisement continuously indoc- 
trinates the adults .and the youth with the adages "Better Living 
Through Chemistry." You may: 

,Come up - vith Vivarin 

Go down - with -Sominex 

Relax - with Compose 

If annoyed - use Excedrin 

and of course, for the indefinable "blahs** — use Alka Seltzer to feel 
good again. 

Drug education has ^s ixs objective, regardless of the level of 
instruction, the proper use of drugs. At one time, drug education for 
the layman was coTicemed only with the narcotic problem that resulted 
in addiction- Today, with a more sophisticated and knowledgeable 
society, drug education encompasses an appreciation of the medical 
propertife of c;'ugs as well as the problems of drug misuse and abuse. 

Thi57 is The main reason why the professionals' efforts on this 
behalf arc so -vital. We have a professional duty to see that our 
studer. get the correct information about drugs. To the average 
layman; especially the impressionable youngster, drugs .are exotic, 
mys-terious substances. He cay read or hear that some cfrugs are capa- - 
ble of producing pleasant effects on his mind, but he doesn*t know 
much more than that, Bfecause of your training as an educator, you are 
better able to expl:;:n to the student both the good and th^ bad prop- 
erties of certain dru^^s and thus keeping their use ^d mj.suse in 
proper perspective. ^ 
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In conclusion, if professionally responsible people do care, now 
Is the time to show it. Talk is easy but action and time often betray 
the verbalization of commitment and dedication." Sincerely dedicated 
members of our community can improve the health care of the entire 
public by education. 

, To quote an l8th century remark — "the mischief is not really in 
the drug but in the, people." 
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■Teahnology has been vieDed as problem-solver and probZem-rnaker 
bu our society. If any topic lies at the intersect between sctende/ 
society, 'this is it, Joe Hel examines some of the "blessvngs" of 
technology i^d then positive and negative spinoffs. 



TECHNOLOGY 
Emll Joe Plel 



HIE SITUATION 

It would -be impossible to discuss in any detail all of the aspects 
of technology which affect humanity today. Since other chapters of 
this yearbook cono rri themselves with population, energy, pollution, 
drugs and natural resources, all of which are involved with technology, 
the author of this chapter will attempt to avoid duplication of infor- 
mation as much as possible. 

Technology does affect all of humanity. To go back to the time 
when people were not affected by technology would be tb revert to an 
era before man Invented weapons for hunting or even sharpened sticks 
to scratch the soil for planting seeds. 

Modem soclePy, as we know it In, the U.S., is rather well blessed 
and cursed wit:h technology. Some of the "curses" have been discussed 
in previous chapters, and therefore this ore will deal with some of 
the "blc^;sing£" and their positive and negative spinoffs. 



The Elevator 



Let us take, for example, the eltvator. Contrary to popular 
assumptions the elevator is a rather old technological device. One of 
the first on record was invented by our old friend Archimedes about 
250 B.C. We 3uspect that the Egypti.-iis must have had some kind of an 
elevator to i;et the stones beyond the fir'*t few layers of the pyramid. 
However, it wasn't until the late 1800s that the elevator began to be 
used in any great numbers. As structural steel was developed near the 
end of the 19th century. It became possi^^e to build tall buildings 
rather than five- and six-^tory buildiytpys using brick, stone and con- 
crete. HoJ*ever, without a convenient means of getti ng people and 
oate-lals to upper floors there was no point in building tall buildings. 
A marriage of the two tea. -oologies: elevators and structural stcelToadc 
possible the skyscraper. The first skyscraper (a ten-story building in 
Chicago) was the force which set up an Instability in the entire concept 
of a city. It made it possible for a Landowner to provide considerably 
aore office and living space than hlr. competitor next door who owned a 
five-story building on the same size lot. 
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Obviously » thcn^ skyscrapers begat skyscrapers, and the downtown 
areas of cities drew more and more people for whom additional ^^HA£^ 
tion« transportaticr» feeding and siniilar services needed to be^^^^ 
provided. In the approxinuitely 100 vcars since the first jjkyscraper, 
the instability still continues. T\\^ abandoned apartment buildings 
which make up a large portion of the South Bronx, which Pres^wicnt 
Carter viewed with such horror in 1977 » are six-story wclkups whose 
tenants have moved to cither the suburbs or high-rise apartments with 
clevatorr. . 

The Twin Towers office complex in Lower M:inhattan famous for .an 
aerial tight-wire act In 1976 (and the huinan fly who scaled one of 
then in 1977) also was tho im;piration tor the book and movie **Tower- 
Ing Inferno." This is a story based on the ines/:apabie fact that 
f irc-f Ightlng technology has not been able co kc^^p pace wltih th*^ 
building technolog>' which ruikcs such building:^ possible. Tlic building 
also requires 8C,000 «x>ro kilowotts of power than docs the ctcy of 
Schenectady, New York, with ;^ population of 100,000 people. 

Do we now iiay that ihv^ e ^^'ltor and stcucttiral steel sho^>ld never 
have been developed* or do vt* ook tow *-d-a sy,;:;cm'of technology 
assessment which might show now co prevent one technology Uoro o\it~ 
stripping another technology r*: well as sl^culng siociety how to kocp 
pace? Or, i^u/t thi;; an appropriate topic for a science cJLatss? 



Tlie Automobl I o 



At the turn of the 20th ccatiuv when the skyscrapers and oth<?r 
factors were attracting n;orc ;tnd more people to the cities^ the ct^tel 
menn?i of urban transportJttlon was the horse- Talk about po llutioni 1 
Horses deposited 600,000 k-allons of urine and 2 million poundti of 
truinure on the turrets of New York City cvcr^; cay. Hor^^es had to be 
fed whether {rhx?y worked or not and had to be sheltered when xiot work-* 
Ing, particularly in cold weather. 

Along cami^ the autowbilc, and for w;. Lie it w.k; the answer to 
Chci sanitation worker's dream. It w.x:; also a forc/r which tended to 
.push the urb:,:: tr.^.n;iportat Ion r>ystcm Into in!i tab 1 1 1 ty . Tt also had a 
fantastic 1 foot in the U.S. and in the world- I'rtiile brlnginp, more 
people to the cities to work, it alr?o cnviblcd more to ^tnove to the 
suburbs- It hain^.ed the mores and morals of entire fivrneratlons . It 
enabled people to >^:ct out of their Utzmedlatc neiphlorhoods in a short 
time to do thiupn t;:ey would never have done close to home. It spawned 
the drive-in movlo, drive-In restaurant, driw-ln bank and even the 
drive-in church. It provided the need ior hlgiiwcys and freeways ond 
has now presented the urban dweller with carcinogenic pollutnntj; at 
breathing; levi>l instead of plant food underfoot. It kills more Amer-« 
icons in one year than were killed in combac in the entire V^iei am 
Conflict. 

^ ■ 

Should we go back to rhe horse*'and~b«p;jJ::>' era, or should vc- encour- 
age f^jture scientists and enji^ince^ to .ork on the de^; ipm of auto-- 
mobiles to make chem safer, Irss polluting and cheaper tv. operate? 
Should we use valuable scienc class time to teach the future ''averaRc 
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cltl«n'' some of the b;isi principle?; behind the Autoinobil<! «;o that 
rhey ar© a .rc competent ai ^ o u»cr:$? Twenty yc^irH .li^o the author 
t^aught an . entire col *.ogc piep phy .ilcs coui:sc around the autooob lle 
b<!forc it bcc^itne fntihionnblc tor hlj^h school students to vorry about 
whether an election wns a wave ov ^ pnrtlclo. For the recoiJ^ a 
larger percentage oi his student!* went on to .^tudy phy5;lcs nnd 
engineering than do the tudcnts f rotn the HO-cnllcd theoretical 
physics claiises present beinR taught* 



Th e To 1 e vl io n 

Vbout the only cooK^cnt ve hear about one of the technological 
i»arvc> o»r the 20th centviry, TELEVISION, ts that It is b^\d. The pro- 
gracanit ^ ^ had^ dieting ^oo cloj^e to the color set will cause cancer^ 
too many v.ours of wacchins; T.V. cut?* into ??chool perfonMnce and 
interest^ Advert is^lnjc on T*V. fiends lu; out to buy itcrajj which we 
don't need with tnoqey that ve don^t h^ivo. 

Uned properly, televir^ion li; an outJStandlng medical tooi» which 
when* teamed up wi;:h .another technology, fiber optics^ nvske^ it pot^^i^ 
ble for a doctor to view Hiruatlon's insctde the patient which could 
only bo ^is*.x^ throvis^h dc?itructive j^urgory or autopji-^'- Teataed w\ vith 
fixed orbit satellite?;, celcx-ision on.AbleN people in"* remote areas co 
receive education in ovca!^; of t;tudy which would oe lmpo!;«iible any 
other way- U^ed properly bv ^e university, c^levv^ion make?; it 
possible to provide conti^uiin; odu^,<^tion to t.^ou^ar.^-- of graduate 
student?; in local nroa^, GliTnlnatln?^ the need to t avcl tv the 'jnlv^^r- 
filty, thereby saving, iiiv-v h titne^ lT^>ney nd gasoline* 

Iftiile, a dt^t.iiled technical :?tudy of each cotaponc^t of a .:clcr 
T.V. net if* nsore appropriate lor a course in a technical wcaticnal 
school • the gradiiACe of a conprohennive high school shov^ld know enough 
to quejxtion Che advc rtl>;cr!cnt tor color telex-lsion which brag^^ about 
four color electron j-nms^ when ^11 the colon: th»? eye d brain v<in 
Interpret can be formed by vary in?-; brightness and conbinatlons of the 
three primary colofs; rod* green and Mvxc. Here ir. '.n opportur.lty for 
the biology, pi^v-iic? and con^ivraer education teachers co confine force*; 
Cor real education. 
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Another interdir^c irl inary arra of cooperation arnong biologiste^ 
doctors and <>npln**ers i?; in che various tcchnologier- inv^olved with 
pro thctic do\*ices^ — aldj^ for the senses (speci t ically sight and hear- 
ing)/ interior organs :tuch n:< the-hcnrt* and exterior litnbs* The 
bionic nian^ wcnan, dog or whatcve , so^populai on television, has 
considerable foundation in face, ^id denK>nst rates so:t?e intcrej^tlng 
spinoffr. from other tCvhnoloe*^ 

It is intcrer^tinr to t^peculate whether the failures of our early 
space rockets stinula^cd further research ;nto tttiniatyriiiat ion of 
electronic sen:;ors, anplifiers* con^puter^^ transnitters and receivers, 
or whether the lUS. cnphasls on cilnlaturlr.atien ' tiavc ccntinu.d 
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even if ^ur 1957 generation of rockets had .ccn .^s large and a:^ success- 
ful as tnof.c of thc^ Russians* 

Be thzkt .hs It iaa>% the fact tti that vc do exc^vl in miniaturises! 
clectronlcii and :hat ©tniacurlrat Ion v.is spurred on* by the space pro- 
gram* What doe^; aU thi» have tc do with the dcvelcpccnt of 
prosthetic dev-ice^: A look at the history of the cardiac pacetaakcr* 
5ho«s hew technologx^ developed for one use iinds valuable application 
in «n entir^lv different field. Frott Calvani's disci>vcry that nusclcs 
rea-f^tcd to electrical f;tir4ulur> to the present implantable cardiac pace- 
maker is a hij^torv of the interaction of science, taediclne and 
engineering. For 150 years fol loving Calvani's disrccvery. there vere 
occasional reports of an individual being rci?tored to life by eloctri-- 
cal fthock after "ilr. hc.4rL had stopped^ but it was not until the 1950s 
that nhe techno* os;y called rad^i^, which led to the dcvcloptnent of 
electronic circuits to j::cnerate rcpencive pulses, was corf?ined with 
the medical k3ic?u»ledge that cIo::tric pulses were the stinulus for heart- 
beat that the paccaiaker wa^; born- 

. The firi&t pacetp.akcr va-^^ ar:^cut the $^ize of a table tr^vdel T.V. set 
and had to be wheeled about on a roil v g table; The ncxl ver^^i j^. va*7 
sraaller but scilV enounced oxtcr;\ally strapped tc the waist of the 
patient- Wires freer, this- CKtcrruM device ran thrmgh the skin into 
fhe chc3t cavity and vcro scvn to the outside of the he^rt during an 
open-che?^t operation. The advantape:^ to this external pacexnaker were: 
batteries could be replaced and elect rcr.l ^ repaired ea^tiiy. and the 
patient could varv* hi5 c-n hcarc rate by .el ting a dial* Disadvantages 
were that th*- region where the wires entered the skin beca-c rnfccted, 
and» second^ ;:hc device rather cunberscne. 

In 195S Dr. A-^rian KvTntrxv-,vitr and hii- brother Arthur* ar* electri- 
cal engineer, collaborated u>ing elt-ctronic ccrs>onents which' had been 
ainiaturircd and nadc cxtrecciy reliable for military and space pro- 
jects to build a pacenakr^'r sr.:?" 1 enough to be iisplantcd. 

In the earl\ 195Gs it was often the practice cc place nwiy born 
infants in oxygen tents to prevent respiratory ailments. ^Sonetines 
the breaching of -^irso^it pure oxygen caused blindness. In one ,ach 
case* the daughter cf John C* Lmvill. .^n electrical en<;ineer at 
Stanford rniver<;ltv, became blind. Leading a group of researchers. 
Professor Linvlll covelopcd the optacon* This device co;tsists c: a 
tvo-^dineni v^nal nrray cf photocells held by the patient over the 
printed word^* Each cell is connected to a vibrating reed* when the 
device iFt held over the word '"t:^e.'* the photo cells over the darkened 
part (the letter.^ t, h, and c) detect the absenc*^ cf lii?ht. The 
electrical signals troT the r>^c^<>'^^^'^ ' ^^"^ cause the reecs in the 
ishape of. t^-K^ letters t h e tc vibrate* one letter at a tirrc. 7 c 
reader fe.cls these v^.brat>cns in his finger resting on the top of the 
vibrating part and *'rencs ' the word. The blind person then sx?ves the 



i»7li^i^rdiac p.-icerviVt r i<. a dcv-i '^^ which supplies pul^:c<; to the 
heart mi^Kcs to provide th<^ vroper puntping action of tho heart. It 

is not an^bcificlal heart, but c:erely auxili3r>* device which take$ 
over whcn^'mie ttox*rial <:iftnai i^ blocked. 
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•*CA»er«" acrc^jt the page to the next vord. With practice c>e olind 
person ciin read prirccd words and even handu'ritini:^* This frees the 
blind to read current saaga^lnc articles and even handwritten letters* 

Another technological device which ha<i broad inplic^tions for 
fi^tudents, profeBsioaalii and che avcr;igo person on the ^>trcet as veil 
oa the blind is the variable spr^^ed tape recorder and player. This 
device, which the s^aiae sire and shape ot* a standard portable 
caBfi^ette player^ ha?; the unLique capability of speeding; up or slowing 
dotra the r^.p^ without changing the pitch, Tlte potential v^es for 
thlr device are vecy excitins* Students can tape classrcon lectures 
and play thcta back at double if>pecd for re'ri<fv. Entire books n be 
dictated onto audioc^^pe tor fa<it playback fcr the blind • Th^re is 
aothir*g ao boring as ii^ccnlng to a long tape of a single voic** at 
nonaal speedy yet when the tape is spc^?ded »ip the need to listen no re 
caref\illy relieves che ' cr^dofc. I have Mster^f^d to accelerated speech 
tapes of professional ici^^ccinjs while driving 1:1 the car on the Long 
Island Expre55?way withouc it inierfcrirrg with zry driving or try abilicy 
to gather the c:ajor pcinta of .the raped talks* In. attempting the sat3c 
syBtcn with capes playing at norr * speed ,1 I find that I do not recall 
any cf the ir>f orriat ion frori the t^pc. 



No paper en tec>.nclc>?y , however 'v^:.^;, vculd'ii?c cospiece without 
mention of the c:.gital cor^uter. w^-^iie wc are all fatalliar with the 
large co'-sr-^ter housed ir. 3 r*ctr.puter cenrer and connected to recsote 
tcrTSLinals. .^r inr^^t and c»v;cput, or the batch process t»onsters which 
were :,ho devices v^»ich Introduced rxr^r^y of us co thr coTsputer age m 
which vt> live* 

Kany of thc^ devices prc\*iou5ly discussed have' built-in cocputeri;, 
for example the variable sp-^ed tape player. Not a day goes by char wc 
do not 5?^;e rcportj^ ojf r.ev-ir!^ roved calculators, .^^nd cotjputers* A cata- 
log has jusc crossed ).^y desk with the title "Product,4 that Think.*' 
Asiong che products listed are the following: 

-A aicrocoripucer thac senses and di:v\ically dlsr^Iays e-xact body 
temperature' in ccccndr. . , 

-Ll<;uld cr:^:>tal display calculator? only lA-ineh thic'< which 
can double a? w^tche.^-; and ev^im al^Tirr. :clocks • 

-Kotse pinbali rnachines; cor^putcr scales for weight watchers; 
telephc-^'^ answering systc-s which have a single tape which will 
record ever Z5»00O phone calls vicf.oc.t replaiijssrent and will play 
back nessagciir when: you call your cs-rt >)honc Jfroc: anywhere; a 
^laot ic^^sens ir.g rnicrccor.nucer which. can be used as--;a hciuC burglar 
aluTis without any inscallati^in and will operate even if the 
burglar cut^; vour pow^r line; and . finsXly a- pocket CS radio ^ 
which scasurev 3/^^* x'^i-^;,^:'* x S-1/2" whl:5i will fit into your 
shirt pockvQt *^*ric has .a b^T'ep-tpnc pa-j^mg s> stc~ 'ci.ll owing you to 
call another u^er by .crossing a call button the cost is S19.95 
per unit. 



All of the devices listed above operate on »o»<f type of tnte- 
grated circuit incluiding oicroproc«*Hi?crs* TM<» alcToprcce^s^or h 
possible the silcrococputcr at a price which isuan order o£ cagnicude 
li^s than its older brothers. Sciall portable aicroconpucers arc now 

MITS» the developer of the Altatr SSOO^ pioneered a new aarket 
into whlch-cany coctpanles (cx>stly staall) rushed. Asiong the ^flrst 
generation'* of silcrococsputcrs which survived the initial shake-but. 
In addition to the ,\ltair SSCK), were the Aitair 680^ the IMSAI 80S0, 
mnd Che Southwest Technical Pmducts 6500^ All of these cooputcrs 
are well-cyide and provide adc^u^ce cocputcr support for the typical 
rlassroos (pre-NZollcge or unlx^rsity)^ Althou^jh each has unique 
features^ ail perforn at roughly ccnparable levels, and all cost in 
the order of $2^500-53,000 for a cooputcr with 16 K byte* of randoc 
access ccjaQry ^RAM) , a keyboard^ a video teonltor and Interface^ ^nd 
an audio cassette recorder (for nass Denory) and its interface. The 
detailed characteristics of these coaputers have been described widely 
in coapany literature and in h^^by cocrputer literature (Sytc» ?er«onel 
CooipucJng^ 3r, Dobbs Journal, Peoples Coc^juter Coti^any^ etc.). For 
this reason, these characteristics will not be detailed here* We shall 
reser ve our apace here for dcscripticas of oorc recently announce<t com- 
puters which hxive been designed far the honie uj;er to a iruch greater 
degree .^han the cotnpatcrs csentioned above, which w^re ained the 
hobbyist:* 

It is worth pau:>.:ng a rfOt:cr*t.» at this point, to salute one of^he 
pioneers in bringing ricrocor::puters into schoolsr Dr. ?cter Grltses of 
the San Jose. Unified School Dis'mcc* Gnder Dr. Zrirr^* direction . 
about a dozen tx-lcrocor.-^utcrs have haita installed in San Jose schools* 
The.; aicroccr^puter:; have been used to enhance the district's cotrput-- 
Ing capacity a cos^ si K-i f icantly lower than would have been 
required to expand the existing tsinl tin^sharing systes. 

Before we describe the characteristics of the ne-^lv'-available 
""•second gencraticn*' :ixicrocc:::puters, we shall digress briefly to Indi- 
cate hew far co::purins has core since 1945. Linvlli and Hogan (1977) 
of Stanford University compare the E^*IAC corJ'puter with the Falrchild 
?S microprocessor to wh^ich has been added 2K bytes of read-only 
laexi ry (KOM) ^ SK or R*\>t» and a telet^-pc interface. The table j>ciow ^ 
vaa developed fror. LlnvllI -^nd Hogcn (I9"7}, 
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since 1975» there has bean a gradual, but pttHiscenc, iaproveoent 

tW-th* TClta»i;tiTy-3nd capabli-lticit of- cxitrrtnjj nicEO<:onfmt-ers pli^s - 

ChJTdcvclopacnt of a vide variccy of incerescing pcrlph<»iai devices, 
Th* prices on chose cocspuccrs h.xs. f 1 icn nteadlly iroa $3,000 for tho 
computer and Its Input-Output dcvi.: Ir. 19/5 to $600 in the fall o£ 
1977, In Che saoc period, hand ciaiulcttor price? dropped f ron $100 
to S25 for cooparahlc aodclu and Autoooblle prices went fros S3.00C 
to SA.OOO for cctapactft. 



/j5 indicated at . the bcslr;nlng oi the Ci;aptcr, the^ previous 
exjisjp'^cs .^rc a very saall ear:?-: vS of the tech^nologi c^l dcvlc^js ^n<! 

vhich have affected ar. ^ vUl .if foot the vorld society* The 
next proDlect 1;> hcv to prepare teachert; of science to work with the 
problcas iavclvcd vith the intecactioc of technology* ar>d society- 

A syatecj vhich h^s proved quite effective is tc use a tcchnltjuc 
of techr-oiogy to ^-'ork ort ihe p^obieizss of cechnoIog>*- The techtxlqucs 
of decision riaklng vnichV have been developed are varied and iji soce 
cases unneccssariiy cotrpn^^ted* The r^ne which is described below 
i.5'"s.U3ple enough ^nd in :so^J>vC.v3e5 ^rftectivc enough to give atiidents 
„An opportunity to exazlru? Tict\3:^iy the problctr.^ but the possible 
'effects of pctcnrla: solutlcr^. In brief outline forts, it con.sli:ts 
of: ' 

1* Studying, ihe problem: 

:i. Setoinf, criteria 'rhe goal, tc 3ccot5?:ili*hed) 

HI- Exc-lnlwng the constraints (all factcra related to the 

pruoler which tsi>5ht- help or nlndcr the final achieveaaeat 

of tiie gor:: ' ' ■ . 

'IV. * £)evcloplng the ^:cdel -:if the problit^ and its potential 
soiutiors 

V ^ X2.!:!ll '^♦l '^g. the 3.1 1 C TT5 t i V C "C^ 1 U TT 1 <^ 

VT. Exatrflping the alrcrr^ative solutions ir* il,;.^t of the cri- 
teria and con5tr^*lr;ts ^' . 

VTI. Choosln;^; free: aDong t'tiosc alternative^; the one c^r tvo 
vhi'da best :it the t^^dcX (OPTIKIIwVTICN) 

The englricerlnr. approach to dccisio-. rtiakmg as described tn The 
Man Made v?orld provides operational descriptions of the teras >S3I>EL, 
CRITERIA, a)SSIR.\::iTS. arse D?TI>aZ.\TIOX . Suppose ^.-e wish ro deter- 
mine the s>ost econocdcal rpeed to drive in order to save gasoline 
and tlae on an autooobile- trip. 
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Model . The laodel is 'the' tnathematical or quantitative description 
of the problem, ^In our example, we are interested in obtaining 
''the maximum gasoline economy; hence the model is the. curve of 
Figure 1, which shows how gasoline economy depends on the speed. 
The model is the item which changes the problem from one of 
intuition or conmoit sense into a quantitative problem which we 
can hope to solve precisely. 




Criteria . JIhe criteria are the goals or objectives of the decision- 
making problem. In our example, the criteria are to achieve the 
best possible gasoline econon^ and to arrive at our destination in 
as short a time as possible. When there are several criteria 
'which are incompatible, we have to select a criterion which is a 
compromise among these. 

One of the most dramatic decision problems occurs when' there 
is a major catastrophe (fire, explosion, earthquake, or battle) 
with a very limited number of doctors available. , The problem is 
to decide how to use the doctors in the best way. The injured 
people are, then sorted into three groups: those' who cannot be 
saved, those who can probably be saved by a dbctor, and those who 
will survive without immediate attention by a doctor. The decision 
problem is then normially solved by the doctors 'working on only the 
middle group . 

onstraints . Constraints are added factors which must be consi- 
dered in the solution of the decision- problem. In our speed 
example", the speed limits represent constraints. Other constraints 
in our example would be Unsafe road cond:^tions and driver fatigue. 
(Speed may be limited by road conditions i and the time involved in 
long trips may have to include rest periods.) Thusr-'^e con- 
straints specify the region within which x^^e should look for a 
decision. We must fin^d the best solution which satisfies the 
constraints; \ ' * 

\ 

Optimization . Once the problem is formulated (the model), we 
decide what we xeally want (the criteria), and we know what is 
permissible (the constraints), we are ready to try to find "the 
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best, or optimum , solution. In our speed problem, \:e find a solu- 
tion by merely examining the model and. considering the constraints. 
In more complex p\oblenis, it may be necessary to find special 
engineering or mathematical techniques; in many practical cases, 
|We have to use a trial-and-error approach. 

I The alternatives to, a major problem usually fall into three cate- 
gories: 

Educational— those alternatives which will convince the general, 
public to drive at speeds which will be economical of both gaso- 
line consumption and time. These might be radio-TV programs, 
newspaper articles, or editorials. . - 

Lej2;islative — those alternatives which require some governmental- 
decisions: the 55 mph speed limit, tax on gas guzzlers, tax on 
gasoline, rebates on purchase of small cars, etc. 

' , • Technological fixes — more efficient engines and transmission 
systems, lighter automobiles, more efficient fuels, etc. 

These alternatives are not necessarily mutually exclusive; 
actually^ in the gasoline shortage problem of the 1970s all of the 
Suggested alternatives, have been used. 

The system of benefit/cost analysis in which we attempt to quantify 
the benefits and costs of a particular alternative solution is often 
used and is usually demonstrated to students in the solution of very 
simple problems. As problems get more complicated, the factors- involved 
in setting up a benefit/cost ratio become extremely complex. For 
example, "Operation Snowpaick which would use weather control technology 
to increase the snowfall on the Rocky Mountains by 50 percent in order 
to increase the water supply and electricity'- in LasNVegas and the Los 
Angeles area has a benefit /cost ratio of 18/1. This means that for 
every $1.00 spent to increase the snowfall by 50 percent, the benefit 
in additional water and electricity downstream on the Colorado River 
would be $18.00. l^en we take into account the losis of livestock, incon- 
venience, possible drought east of the Rockies the benefit/cost ratio is 
much less than 18, but these factors are at best difficult and in many 

cases impossible to measure. r 

'> ■ 

The interaction 'o^ technology and society is so complex and the 
solutions to the problems are so tenuous that high school science 
teachers are tempted. to forego the entire subject and leave it up to 
the social science teachers, who in turn say that the tech-iolc?y is - 
so complicated and quantitative that they will leave it up to tha 
science teachers. 

This is an. area in which engineers, natural scientists, and social 
scientists at the college and university Jfevel must cooperate in the 
preparation of the teachers who will be teaching in the high schools 
in the 21st century. ^ . ^ . * ' 
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RESOURCES 



THE MANr-MADE WORLD 

Engineering Concepts Curriculum Project 
McGraw-Hill Book Company, NY 1971 

MAN AND HIS TECHNOLOGY: PROBLEMS AND ISSUES 
riel and Truxal 

McGraw-Hill Book Company, NY 1973 

TECHNOLOGY: HANDLE WITH CARE 
Picl and Truxal ' 

McGraw-Hill Book Company 1974 

Up-to-date information on Technological developments can he^ obtained 
from current issues of the following periodicals: 

TECEINOLOGY REVIEW, MIT Alumni Association, Massachusetts 
Institute of Technology, Cambridge, MA ,r 

FUTURIST, World Future Society, P.O. Box 30365, Washington, 
DC 20014 

ENVIRONMENT, 438 N. Skinker B^vd., St. Louis, MO 63130 

BULLETIN OF THE ATOMIC SCIENTISTS, 1020-24 E. 58th Street, 
Chicago, IL 60637 

Information on The Impact of Technology on Society canjbe obtained ffom: 

PROJECT INPUT — Increasing Public Understanding of technolV gy/l^;^ 
The Pennsylvania. State University Project Director Rustum Roy 
102 Materials Research Laboratory 
The Penn State University 
University Park, PA 16^02 

Newsletter on Science Technology & Human Values 

Aiken Computation Laboratory 231 ^ 
Harvard University 
Cambridge, MA 02138 

STPP News 

Program in Science Technology and Public Policy 
Department of Political Science 

Purdue University * . 
West Lafayette, IN 47907 

Newsletter — Department of Technology and Society 
College of Engineering and Applied Sciences 
State University of N.Y. at^Stony Brook 
Stony Brook, NY 11794 f 
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PART II: SOCIETY AND ITS INFLUENCE ON AND lOTERACTION WITH SCIENCE 
EDUCATION 




-Part II. of the yearbook -deals with social institutions 
and movements which influence science education.. The assump- 
tion underlying this part of the yearboalc is that there are 
numerous social institutions or movememis that affect science 
teaching directly and indirectly and Subsequently give direc- 
tion to science teaching. The source of much of this influence 
is. govemmentj business and the deMnds of society itself, 
Several of the papers in Paf^t X-^o^itotified some of these sources 
and' hinted at their influence./ The role of this part of the , 
yearbook is to isolate the m^t important agents and examine ; 
their roles. All of the aut;hors in this part have had exten- 
sive experience in the topics they discuss and are, therefore, 
able to add a personal na^ to their comments. 




EKLC 



189 



19 



The last twenty years has seen a phenomenon unique in the history 
of the United States: the federal government support of curriculum 
development. That it had a profound effect on education in science 
is a fact denied by feD. John Mayor and Charles Puglisi look at 
these 20 yearb from the views of a cia^riculum developer and a 
teacher. The blend of the iT^orical with the practical is helpful 
in seeing where we^ve been and where we're going. 



TWO DECADES OF CURRICULUM PROJECTS 
John R. Mayor and Charles J. Puglisi, Jr^ 



HOW IT ALL STARTED 



Tlie^chools and the children they were intended to serve have 
experienced, in the past quarter century, the remarkable phenomenon 
of the curriculum projects. Sometimes these experiences came with 
anticipation, too often with uncertainty, but always they were 
received with curiosity and excitement* As long as there has been 
teaching there have been curriculums and, often in the past century, 
the development of a curriculum has become a "project." The curriculum 
projects of the past two decades, with which this paper is concerned, 
have been different in a nuniber of very important ways* 

First of all, these curriculum projects are the work of teams of 
teachers and scholars. Their development and their work have been - 
sponsored by a variety of agencies not previously involved in produc- 
ing cur.riculums for the schools. The work has ^most always been 
supported by an outside agency, either private-or public, and the 
amoTint of support in quite a number of instances has in itself been 
very, great, indeed. The product has in many instances been bold in 
concept and sometimes suited only for the more gifted or too costly 
to be practical for the schools. 

The public seems generally \to assume that the 1957 Sputnik was 
the event to spark the beginning' of this curriculum movement. Indeed, 
this is true for the National Science Foundation major support of 
secondary school science curriculums, the first of which was the 
course in physics of the Physical Science Study Committee (PSSC) , 
conceived and developed under the inspired leadership of Jerrold R. 
Zacharias. However, PSSC started its work in 1956 and by Sputnik 
time, work had already been underway at the University of Illinois 
on new mathematics for high schools with another dynamic and imagi- 
native leader, the late Max Beberman. The Carnegie Corporation of 
^ New Tork had the vision and foresigh*: to support the Beberman effort^, 
which represent in this country the teginning of a movement which has 
had a profound effect on the teaching of mathematics worldwide. 
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The Ninth Annual Report of the International Clearinghouse on 
Science and Mathematics Curricular Developments covering the period 
1956-74 provides brief reviews of more than 200 curriculum products 
In* the United States and an even greater number in other parts of 
the world (Lockard, 1975) . This indication of the wide extent of 
the curriculum movement is perhaps the most objective information 
available of its influence as a societal institution. In this paper, 
those topics are discussed which are believed- to be most relevant in 
describing the science curriculum projects as a social movement. 

Brief reference is first made to support the sponsorship, more 
adequately treated ^in subsequent chapters. Then- the team approach, 
the writing sessions, and the^tryout which were characteristics of 
the major projects and in many ways unique in curriculum development 
are treated. Included in those treatments are the insights of a 
middle school science teacher -who participated in the writing and 
tryout of one of the projects and in the teaching of another. The 
section heading. Hierarchies and Hands On, was chosen to emphasize 
those aspects of the curriculum movement which seem to him to be most 
helpful and promising. Finally, a summary of gains and needs is 
offered with a final statement on what this means for the future. 

SUPPORT AND SPONSORSHIP 

A major part of the support of curriculum development projects in 
the natural sciences, mathematics, and social sciences has been pro- 
vided by the National Science Foundation. The Office of ^Education and 
later the National Institute of Education, which inherited the Research 
and Development Centers "of the^ Office of Education, have also provided 
some support. Because of the available NSF support through the 
. sixties, other, agencies, both government and privatei*^ tended to favor 
projects other than those in the natural sciences and mathematics. 
During 1976 the National Jnstitxite of Educa ion (NIE) maintained a 
panel of educational leaders to conduct an in-depth study of curri- 
culum development and support of these efforts. In its IDEA project, 
the Kettering Foundation is presently making a broad study of curri- 
culimi practices and related issues. 

Some curriculum projects attracted simultaneous support of federal 
government and private sources. Probably the Education Development 
Center (EDC) in Cambridge; for a time also supported as an R and D 
Center, was most successful ^in this respect. The direct contribution 
of industry to curriculum development has been limited. Examples are 
the Cessna Aircraft Company development of materials to teach about 
aviation, and the General Motors Corporation development of modules to 
assist in teaching technical and engineering concepts closely related 
to the technology of the motor industry. Before and during the sixties, 
many state departments of education maintained curriculum committees in 
the several disciplines and produced state guidelines which had a con- 
siderable influence on what was going on in the schools and some 
influence on the major curriculuiH projects. 
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It Is reasonable to conclude from all of these efforts that 
support from federal and state governments, from private foundations 
and from industry have served educational development well and should 
be continued. Diversity is important because the need is so great, 
but also because it is important that the broad spectrum of American 
society be represented in these efforts. 

Most curriculum projects were named by the sponsoring agency. 
The Biological Sciences Curriculum Study (BSCS) or the School Mathe- 
matics Study Group (SMSG) are examples. These groups in turn had 
other sponsors or agencies which gave them direct encouragement if ^ 
not direct sponsorship. The American Chemical Society certainly 
provided "moral'' support for the two high school chemistry projects, 
and the American Mathematical Society and the Mathematical Association 
of America for SMSG. Others were associated in name with a university 
which provided housing, and .in some instances, monetary support as 
well: the University of Maryland for the University of Maryland 
Mathematics Project, and the University of California-Berkeley for- 
the Science Curriculum Imprpvement Study (SCIS) . For a number of ' 
years, the University of Colorado was home and fiscal agent of BSCS. 
The Central Midwest Regional Educational Laboratory (CEMEIEL) and . 
Southern Illinois University were joint sponsors of the Comprehensive 
School Mathematics Program. - 

Diversity in the nature of sponsors is probably even^more impor- 
tant than diversity in sources of support, as important as that is* 
The attachment of a project to a university lends a rich source of 
Intellectual support to the project and some prestige to the* univer- 
sity. Association of a project with a professional society also 
provides prestige for the project and a ready source of personnel 
from among nationwide membership. Not only the American Association 
for the Advancement of Science (AAAS) but^ also the -physidal, chemical, 
biological, geological, engineering and; mathematical societies were 
involved in a number of different ways important for the projects with 
which they were associated. For the future, the authors of this paper 
look foTrward to continuing curriculum development sponsored by univer- 
sities, professional societies, state and local education agenciefs, 
regional educational laboratories and R and D Centers, private educa- 
tional consulting firms, and, by all means, commercial publishers. 
Each kind of sponsorship can make ara important contribution to educa- 
tion necessary to a well-balanced American educational system* 

A TEAM APPROACH 

The single most important characteristic of the curriculi:iii pro- 
jects reviewed in this paper is the team approach — the work was done 
,by teams" of scholars and teachers • Not ^ that similar teams had not 
functioned before but with the advent of the curriculum p^rojects and 
their early successes, it seemed no other method was acceptable or 
possible! , What an important phenomenon for the future of education 
when a university professor finds he can sit down with an elementary 
school teacher and have a stimulating, learning experience in consider- 
injg how an idea can best be taught. What an important phenomenon- for 
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the teacher to acquire a new respect for an education colleague of 
another level, based on equality rather than rank! 

In all of the projects to which reference is made in this paper, 
the planning and writing was a product of a scholar-teacher point of 
view. In some, the scholars did most of the work with the teacher 
merely looking over his shoulder. In others, the teacher produced the 
text after exploration of ideas with the scholar. In still others, 
the best ones, true teamwork was developed, accompanied by an honest 
equality of responsibility. 

The terms, teachers and scholars, are of course misleading and 
inaccurate; the teacher usually referring to the^eacher in thii, 
schools, the scholar to a college or universit>r^rofessor. In the 
successful teams, the teachers were scholars and the scholars were 
good teachers at the college level. Because this topic fs concerned 
with science teaching, the terms scientists and teachers will be used 
with, apologies to both groups. 



WRITING SESSIONS 

Each summer for five summers, the AAAS Commission on Science Edu- 
cation brought together teams of scientists and teachers to write 
exercises, try them out with elementary school children, and to develop 
materials for use by children in their investigations. This operation 
plan was typical of a number of the major projects and is described 
here as an example. The number of participants in the summer writing 
groups varied from 30 to 50, through the five summers, and writers 
worked for periods of six to eight weeks. - * 

The scientists included astronomers, biologists, chemists, geolo- 
gists, mathematicians, physicists, and specialists in science education. 
"The teacher group inclvided teachers from all levels from kindergarten 
through ^de six, and a few from junior high schools. Elementary^ 
school supervisors and principals were also among the writers. Writers 
were brought from all parts of the country, and from different types of 
institutions of higher education, and from elementary schools in differ- 
ent kinds of geographical and economic settings. Each summer (except, 
of course, the first summer) the majority of writhes had worked at 
least one earlier summer, but each summer new persons were also 
brought in to provide hew ideas and new points of view on ideas 
advanced -during earlier summers- The summer writers were selected 
from among hundreds of persons recommended to the Commission by scien- 
tists, school people, and prof ession^Jr-organizat ions throughout the 
U.S. Over 100 scientists and teacKers from half of the states parti- 
cipated for one or more summers during the five-year period* 

The summer writing team members usually worked in small committees 
designated by one- of the processes of science. There was a committee 
on classifying, a committee on measuring, a committee on defining 
operationally. In some instances, small committees were organized 
around content or concepts such as earth science, or energy, or animal 
behavior. In later summers, there was a committee on evaluation. 
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Each team member wrote exercises, including the behavioral objectives 
and an associate competency measure. Each team member was responsible 
for development of equipment needed in teaching the exercise. The 
authors of an exercise also wrote science background papers for the 
exercise when, they thought the teacher would need easy access to this 
kind of information. A committee on teacher education was established 
after the need for teacher training became more clear as a result of 
the tryout in the schools. A goal was to have each summer writer be 
an active participant in the development of all the kinds of materials: 
children's activities, evaluation, ^inservice teacher education mater- 
ials » teaching aids. During the summer writing sessions, the small 
committees were each given a twO'* or three-week assignment and then* 
new committees were organized. This arrangement was followed so that 
during a sxjmmer each writer had the opportunity to work with at least 
half of the other participants. Sessions of the whole group were 
scheduled about once a week with each committee reporting so that 
everyone knew just what was being accomplished by other groups* 

Young teachers never before involved in curriculum development 
joined* a summer writing session with some trepidation. For those 
involved with Science — A Process Approach , some found early security 
in the prescribed format of the. exercises and the chart of hierarchy 
delating the objectives of the exercises. First came something 
called the objectives, then came something called the rationale which 
appeared to explain the need for the lescon, then came the activities 
where a young teacher's imagination might run riot, and finally, the 
evaluation of the lesson • Thus, curriculum developers were making 
lesson plans as they were taught | to do in methods classes. The . 
successful teacher participant sensed that* this summer work could 
give teachers new freedom during the year to develop new ideas and 
work more closely with children. 

THH TRYOUT 

For Science — A Process Approach and many of the other projects, 
classes of children were available to summer writing sessions for 
tryout of the materials. These tryouts, preferably taught by the 
writers of the materials (including the scientists), were the first 
major test of the materials' acceptability. The real tests came 
during the school years between writing sessions when extensive try- 
out was conducted in schools identified as tryout centers. Once word 
got around about the tryout^ there were generally more schools offer- 
ing to try. out the materials than could be accepted. The tryout 
centers were chosen to represent all kinds of schools and on the whole 
operated with a minimum of supervision. A special effo.rt was made to 
involve schoais with children from limited "^economic backgrounds as 
well as from the more affluent groups. 

All tryout centers reported regularly on teaching experiences. 
Tryout teachers were brought together to exchange ideas on exper- 
iences, on a regular basis locally, and from all centers across the 
Ojitio^ once or twice a year. For Science — A Process Approach one 
local person was designated center coordinator and *a local scientist 



19A 



202 



ERIC 



as consultant scientist, sometimes one person held both of these posi- 
tions. The tryout teacher^ were urged to consider themselves members 
of a research team. While commercial publishers have supported broad 
tryout at times, it seems likely that teachers in these tryouts did 
not have the same sense of being an important part of a broad national 
research effort, a point of view promoted by the curriculum developers. 

INSIGHTS FROM A CIJVSSROOM TEACHER 

Hierarchies and .Hands-On ^ 

In many of the curriculum projects chat were developed in the 
post-Sputnik era, an emphasis was placed on new educational trends. 
To one teacher participant, the use of hierarchies and the almost 
complete dependence on the hands-on approach were most impressive. 
As the projects were assembled in the sixties, some educators felt that 
the need for a road map or hierarchy was apparent. In the AAAS Science 

A Process Approach program, such a map or hierarchy was made avail- 

^le- The hands-on approach to teaching became a major thrust of most 
ilM of the projects. With the availability of a "road map" accom- 
panied by utilization of the: hands-on approach, the teacher is enabled 
to become a resource to the student, instead of being an authority; 
the one with the last word. 'These devices for curriculum development, 
as seen by a young teacher participant, will be developed by two anec- 
dotes. / 

The Vacation : His retort was strongs enough to lift the dust fromr^ 
the dash of a blue cotiipact, the scene of an ensuing battle. "No, I 
don't need a map! If you want to get to Washington State, you. follow 
the sun and the street signs!" A frustrated and now dust-choked wife 
tried again to persuade her husband that the sign said Washington, DC, 
and that the sun was quickly drawing its shades for the evening, "But 
dear, the sign says... We're not going to stop for a stupid map! Who 
can read them anyway?" The small car slowly sputtered out of earshot 
into a silence that was only broken by an occasional exclamation by 
the insistent fellow at its wheel. If only the gentleman in the blue 
compact woul<! listen to his wife, he would discover the freedom that 
a road map has to offer. With a map, the 'arguing couple could go any- 
where in the world, give or take a few oce'ans, and with the map they 
could find out exactly where they were on the globe. But no — "The map 
Is confusing!" 

An analogy can be drawn between the road map 'and a hierarchy such^ 
as the one prepared for Science—A Process Approach . Both offer free- 
dom and both harvest neglect from many- A hierarchy can easily take 
on the guise of a schematic diagram for a micro-circuit. Such a guise, 
when placed on a large sheet of paper, dwarfs a description such as 
"confusing." Awesome is much more appropriate. It is that schematic 
diagram that provides the freedom of a hierarchy. This freedom encom- 
passes convenience in identifying a prepared unit plan and ready 
orientation. With a thoroughly mapped unit plan, it is much easier 
to determine the course of action for lessons, and the orientation 
enables the inclusion of materials from other sources with ease. 
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Parallel units or lessons from two programs arc m»»ch more readily 
Identi-flcd when the hierarchy chart is used. This freedom extends 
further to the student. Pre- and post-testing is made easier and 
it 1« much more possible to introduce a new student to a program. 
The student might also use the chart to determine his own course 
of action for lessons. Furthermore, the chart provides an excellent 
opportunity for the construction of learning stations and other auto- 
instructional -or student-posed activities. 

The Damsel fly : "What's that?" "It's a damselfly, Ernie. 
mevber of the order Odonata." The reply .registered but, by Ernie's 
expression, it was"-not enough. **If you could caech that dasselfly 
with your bare hands, you'd be the champion" catcher of the entire 
world! Scientists have trouble capturing them with a..-" Hej^as 
on the prowl. An emerald damselfly flitted about the reeds of a 
small pond completely unaware of the approaching creature. The boy ' 
had carefully slid into the silt-bottomed pond, clothes and all. 
The sun wrapped a reflection of a silver ribbon about the undersides 
of his crouched chin and extended arms. A slight rustle of water... 
clap! ''I got it! I got it! I'm the champeen catcher of the whole 
world! Wait till I tell ray friends that I caught aT. . What is this 
bug again? Why don't you tell me? Here's the field guide." 

In the above anecdote it is apparent that the teacher and the 
student had increased interaction which led to more feedback than 
would have been the case without the hands-on approach. It is also 
apparent that Ernie was allowed to discover the excitement of science. 
During this discovery, Ernie's mind escaped into higher levels of 
thought, and the textbook became air important resource instead of a 
prison of rote memorization. The hands-on 'approach provides an 
excellent setting for feedback between the student and the teacher. 
This increase in feedback enhances the communication between the two. 
If Ernie was placed before a text and asked to. read, far less inter- 
action would have occurred. The teacher, an important resource, 
would not have been tapped, and the student, a still more important 
resource, would not have been tapped. 

By allowing Ernie to use his hands, he discovered the excitement 
of a discipline, an excitement which led all of the founders of that 
discipline to strive for more discovery, to exercise their minds. 
Ernie's mind was, not required to remain at the rote level but was 
shown the freedom of other levels. It would not be practical to 
assume that a textbook would execute this introduction successfully. 
Rather, the textbook is used in the hands-on approach^as another 
resource, as further support for the growing.^ mind. 



The Enthusiasm! 

"If you'll all please quiet down for just one moment, I'll give 
each of you your own pair of magnets..." "...magnets to work with." 
"It's moving! It's moving all by itself! Look at my magnet!" A' 
tidal wave of small bodies scrapped over the top of one another to 
see the interaction of the pair of magnets just given to a small 
knobby-kneed young lady, sporting braces and blue butterfly glasses. 
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The currlcwlum projects elicit such enthusiasm frbia youngsters; 

' children at an ag^ whov. are plagued vith inexhaustibie energy. This 
enthusiasm lends Itlself to much improved studcat, teacher. -and parent - 
relationships w Surelv once a child has had ..his interest aroused he 

■will ask an endless ^^ber. of - questipns. ....vercone quels tions to the 
ears of 'a tezchev. '^^^si.^J^^^ Che teacher' and student to. 

CQwamticBt.^^'^^^^^t:^^^ students and con- 

- ■?Wtseiy~the. s tuden-Cs gain liisfght. i^to the teacher, as answeqrs and 
more questions are returned v AtTlTi^ the enthusiasm of €he small - 
balls of fire reaches the ^-parents. This not only provides esteem for 
the t4achcr, the administration and the school system but. also pro- 
vides avenues for present and upcoming trends in community education. 

Many teachers of che cv;:r$:culua projects shared the ■ enthusiasm 

of the chlidfen-'as they f cure they had more time for their jbb* time 

which^;CC^d^-he^^^^^ developing new ideas and consulting vith other 

tea^hsa^R^-a^^^^ Thus, they arc better able to. become resources 

. fc<>v;-:^uclents*f^, _ ^r. . ' " ■ 

• • / . ; ■ • • - . ; . . ; ^ • - 

SOME CAINS , 

On alnus&er of occasions^iii 'the past decade, the authors'have 
rcspcmded to questions about the gains of the two decades of curricu- 
Itaa projects. In the course- of these responses, there has been a 
sifting or shaking' down of perceived gains which tend to recognize 
the value of the process taore than the product. Those who gainied 
the iDOst were^ no doubt', the participants in/^the development processes 
and their colleagues, no s:aali ©coup and no staall a^iwieveiaent . - Also, 
a major gain was the Sringing together of teams of teachers and scien- 
tist^ who found constunicatibn surprisingly easy an^ who gained ^^-^.i 
^tremendous new respect for. each other and the institutions each r^pre- 
sentS^d, Other percelvad gains follow./-*' • ' , 

. -The curriculum projects laade it possible for^'cohtenporary' scien - 
tific developaent to i.nfiuence school curriculum ^ 3y nid-century, 
concern was growing in riany quctrters that in the most scientific 
nation of the world, the scientific advances since the turn of the 
century had had so little real influence on science in the schools* 
Sputnik I saw^ these concerns turned to action. The schools. and the 
public readily accepted the goal of bringing cputemporary science, 
IncX^i^gjthe nodes o^ thought in conteraporary mathesn^ics, into 
schools^ /We alrnost ^rtainly will not let this breakthrough languish, 
and the greatest gains of the new teaawork are surely yet to cone. 

"^ "The curriculum nrojects u^ade it possible for thousands upon 
thousands of students to discover that study and : challenge can be 
great fun > ' Testinohy froia sorse of the boys and girls in eleaentary 
and in. secondary schools in all of the projects confinaed that they 
experienced new stimulation ahd new fun in stxidy of science and nathe- 
matics. These were often the brightest who had tended to be bored 
with the old cheitistry or the old isatheinatics* There were also 
instances of the students who never succetsdea before taking hold in 
the new courses which would reveal to themNa new purpose or challenge 
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whi<ih so often passed them by before. There vere those for whom the . 
experimental approach provided the needed motivating 

factor/ There were^also tjhose for whom the dis^covery of structure 
and reason provided a satisfaction, even a thrill, never__before 

The curriculum proje^r^'^^ same for hundreds of teachers , 

addlnfe great new zest to the joy^f teaching . This is the gr>2atest 
gain of all. .Vaen teachers came face to face with the new curriculums 
they foundi the structure, the emphasis, the logic, the vocabulary 
xmfamiiiar- To many, this was a refreshing challenge which soon 
brought forth their most energetic effort. They flocked to summer 
institutes to study mathematics aid science so that tHciy could meet 
the new challenge. Even when the new ideas seemed far beyond them, t 
renewed humility, perhaps almost forgotten, was acquired (also a greats 
gadLn for their students and -their schools) . 

' Countless times an educator has^isited a colleague and picked np 
a great teaching technique or a small grabber. Countless times axl 
'educator has visited a colleagxie^'to find that his colleague has - ^ 
struggled to develop a sicdlaT unit or device. In short, both of the 
teachers invented the wheeK^. .again! A curriculum project is the pro- 
duct of an ensemble of 'hundreds of inventors of the wheel at all 
educational levels: a /gold mine. - A curriculum project provides a 
nearly infinite source of new teaching strategies thoroughly tested 
by the experienced. If a teacher elects to follow a. curriculum pro- 
ject, he is freed from the struggle of inventing the- wheel and can 
devote his time to guiding his pupils in learning tO:Use the wheel 
effectively.. 

A visit to the -classroom pf the teacher of one 'of the new cxBrl- ] 
cula often revealed a sense c^pride in be;ing on the forefront of the 
new science and a sense of pride in new achievement. For those - 
fortunate enough to be a try out teacher of one of the new programs, 
satisfaction from being a member of the "research" team brought zest 
both to living and teaching. So many teachers sensed and reacted to 
the' excitement of being a participant on the - front iers of scientific 
knowledge and on the frontiers of a vitally important ^ti^^^vement in 
education — a , kind of partnership of educators of all -.levels. The NSF- 
supported ..summer institutes brought thousands of new educational expert 
lences, and a new relationship with university scientists, snd new 
friends across the country. 

The curriculim projects made it impossible for tens upon^ tens of . 
dxzll textbooks to survive . Textbook selection committees in the 
schools began to examine quite critically bid copyrights, the works 
of long-retired authors,; and even the professional experiences of 
younger authors. Those publishers who claimed their products had 
been exposed to the new curriculums received/ ready welcome. . The 
publishers sought new blood and new texts. / 

The curriculum projects interested many specialists in higher 
educat^ion iiu^e schools . Professors of Harvard and M.I.T., of 
Michigan, - and of Stanford became in great demand for addresses at 
teachers' conventions and at st;atewide in-service groups. They 
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became editors of the. new textbooks, and joint appointments m unxver- 
slties between science and education became, quite respectable and quxte 
sougjit after. -Even as the curriculum moveaent became less active in 
the 'seventies, still the schools and academicians maintained important 
relationships. 

\ The curriculum projects, in tnanv inst^ces, provided convi ncing 
evidgQce that there is not just one right way to tea ch or learn any 
di^ii>line » Particularly in mathematics was this true where any one 
of us learned algebra and geometry much as our grandfathers did, and 
the topical order in elementary arithmetic had become fixed and rigid 
in the tiCLpds of so many teachers and textbook authors. The new biology 
. and the new physics brought about not only new topics for study, but 
also entirely new ways of going about leamitfg them. Note the emphasis 
on logic and structure and especially the hands-on approach, ^most 
universally accepted where.it can be afforded, and the nearly ^iiiver sal 
present acceptance of the teacher as a resource. 

SCI^E NEEDS. 
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Curriculum projects with broad, interdisciplinary apfroa ches^ are 
needed to point the way to the future of precollege education . The 
projects on which this paper is based tended to focus on particular 
disciplines. Similar effort in other disciplines and integration of 
disciplines would assist school perconnel in developing well-balanced 
programs- The -ISIS program, based at. Florida^ State University, shows , 
an approach to 'secondary school science that provides a iilodel for 
innovation at other levels and for coordination, if not integration, 
of several disciplines. Studies of ways to relate and coordinate 
several different programs for different disciplines could be of 
great value to schools. \ 

Development of a wide variety of modxilas to supgleagnt present 
curriculums can provide much needed additional choices for teachers 
and students . Modules for self-study could become an important part 
of lifelong learning, and at the same time, serve special groups of 
stu'ients at several levels. More attention needs to be^" given to the 
development of programs for special groups of sttidents. This can be 
accomplished without at the same time implying that stxidents should 
be grouped by age, ability, special interests^ or other criteria. 
In the school of the future, not all students in a given class or 
group need be sttidying the same material if miiltiple materials are 
available. ' 

. The curriculum projects brought into focus many topics for 
research on how children learn that should be .investigated on a wide 
scale. Following the development of experimental mathematics texts 
for grades seven and-eight, the. University of I{aryland Mathematics 
Project turned its attention to research on the learning of mathe- 
inatics under the guidance of a distinguished psychologist. This ^ 
proved to be even more stimulating to the UMMaP staff than the 
curriculum development work and served to brqaden the scope of ^the 
Maryland mathematics education program. Much more of this kind of -,' 
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follow-up of curriculxim projects is essential for the educational 
health of the next decades, 

■ ' ' • ■ ; 

Difficulties with and short condngs in the evaluation of the 
curribulum projects point up not only the necessity for more adequate 
evaluation of all curriculum development but more importantly a_need 
for In-depth studies of evaluation procedures and the developm ent of- 
new prd&edur^s > It seems doubtful that those^esponsible -for- any 
curriculum project .were satisfied with the evaluation of the product; 
there were always so many unanswered questions. The schools and the 
public were even less ^satisfied. One of the most extensive evaluation 
efforts was ^that of the regional educational -laboratory at Syracuse 
University which undertook, an extensive testing and evaluation of ^ 
Science— A Process Approach , Unfortunately, federal funds were cut 
of f before the work could be completed, or. widely disseminated. Each 
projiect should conduct its^ own evaluation and, at the same time, evalr; 
Tiation should be conducted^ by an outside agency as was undertaKfen by 
Syracuse. - 

. Experimentation with methods of implementation could make a new 
generation of curriculum projects more effective . Probably the 
curriculum project materials most used by the schools have been those 
published and sold by commercial publishers, under arrangements like 
those agreed upon betrween the BSCS and the publishers. Another 

"expiple'^f an implementation plan was the Yale University Press. 

^publication and distribution of the School of Mathematics Stxody Grqup 
Materials in paperback form of the experimental editions. Each of 

.these implementation methods, and others tried in the past decade, 
had advantages and many other methods are possible and should be 

tried. ^ 

k ' 

.The curriculum projects of state and local education agencies are 
deserving of greater consideration and support and^ in many instances , 
of broader dissemination than they have generally received . Although 
this paper has been devoted to the major curriculum projects that 
attracted national attention, the ,authors fully recognize the impor-:. 
tance and the quality of many local and state efforts, and what many 
of the nationally-oriented developers learned from these efforts. 
Better means are needed for. making state and local materials available 
to curriculum developers everywhere. 



IVHAT THIS SAYS FOR THE FUTURE ^ \ 

. The curriculum projects. of the sixties and seventies represent 
one of the major educational events of the past 4.0 years, jgerhaps .the ', 
most signrficant new educational compoheht since the publication of 



the reports of the Progressive Education Association. Though the* 
latter were, subject to widespread criticism, their influence is -per.^ 
vasive still today and the curriculum projects almost certainly wilT 
be influential in school planning into the early part of the 21st 



century. • , / 

There is increasing, potential- for support of curriculum develop-f 
mcnt in its broadest sense by private funding agencies. The recent / 
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\ studies of the Curriculum Development Task Force of the National 
\ ■ Institute of Education have made a case for- continued support of 
- cSJriculum projects and research on related issues by th^deral 
.1 eo"Jnment. Surely, greater support for wide review and s^tidy, xt 
Bot actual development, will be provided by state and local educa- 
' Son agencies. T^hat we have so far learned about impler.antation of 

new curriculum materials and what will be learned from yet- to-be- 
i S^eloped studies of implementation methods will make it xmpossxble 

for good materials to rest in program cemeteries. 

A special responsibility rests with the professional societies 
and the universities to see that this new educational component of 
our time becomes an- ever-increasing educational challenge. No^ _ 
agency has a greater potential for doing this than the Association 
for the Education of Teachers in Science. 
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Publishing is one area where private business has had its greatest 
influ^nae on siiienoe education. Publishers assist in the preparation 
of textbooks and publish thc-n. Textbooks for good or eroU were and are 
aentral to schooling. Tnis influence seemed to be warning- d^j^ng the _ 
Tieudau of government-supported curriculum development w^th i,ts em:piiasn,s 
^llora^rg approaches. . It seemed as if half of all 'the resecu>cn ^n 
soienae education was aimed at comparing "textbook approaches to 
"laboratory' approaches." But publishers' influence made a resurgence 
(if indeed their influence was ever law):, and with an emphases on a 
wide variety of types of materials (including textbooks) are stronger 
•Oum ever. Paul Brandwein studies this influence and shows the compat- 
dbility of the textbook with sound learning principles by elaborating 
a theory of instructed learning. 



THEORY IN CURRICULUM AND INSTRUCTED 
LEARNING: THE TEXTBOOK IN SCHOOLING 

Paxil F, Brandwein 



\ ... ' \ 

The purposes- of this paper are first to elaborate a theory of 
instructed learning which directs the function of the textbook; second, 
to suggest a theory of curriculum which undergirds the function of 
schooling,\^and hence the corresponding utilization of textbooks. 

Note the title, please. It is not ^'the Textbook in Education" 
but "in Schooling." Schooling and. education are, for the large part, 
apposite functions of society and of the individual. Schooling is an 
effort by society to pass on the concepts, values, and skills which 
it prizes. Education, in apposition, is the lifelong search for • 
personhood; its goal is the full mature personality which .eventually 
is "finished with itself" (Schweitzer's term). The attempts at 
"alternate education," "schools within^schools," indeed an indivi- 
dual's "dropping out" and the individual's attempts to achieve a 
"moratorium" (Erikson's term) are perhaps critical efforts to educate 
oneself. 

Actually the major effort of the 'schools is to conserve and trans- 
mit knowledc^e and values. In a narrow sense the schools rectify and 
expand knowledge; in science, it is permissible to rectify and expand 
knowledge greatly, but values glancxngly. In the social sciences and 
the humanities, rectifying and expanding of certain kinds of knowledge 
and certain values is done at great risk. Even in tbe sciences, the 
application of knowledge to social problems (sex education, pollution, 
pesticides, population, poverty, to name but a few) is done gingerly. 
Even teaching— perhaps one should say instruction— in so well- 
established an area of knowledge as "evolutioi^" still has its risks. 
The risk incidentally is accepted by teachers of science, for a ^ 
teacher is as large as life and will stand- agai-nst the community s 
pressu"k. But the risk of displeasing the community" is npt readily 
accepted by instructors per se who are only as large as a prescribed 
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course of study. Whatever the case, much of the small skirmishes and 
great battles in thf- education of an individual in his or her search 
for personhood. In tiie' search to "transcend his or her nothingness 
(Haliaux's phrase)' have been fought without reference to a proper 
definition of schooling and education. 

This is not to say that the textbook has no function- in education; 
indeed it does. For example, if nothing else, the textbook is a "com- 
pact delivery system o? the culture" (Bruner's phrase)— for the young, 
it recapitulates the past; as. such it is. a useful, accurate, economic, 
compact, ready resource. It yields information which may affect ,the 
choice and extension of a, means of livelihood; it is a constant 
reference- work for scholars; it is useful to the adult who looks to 
change a career. Education,-. and the c^brrelative function of the text- 
book as art form, is a considerably different atea and the confines of 
this paper do not permit its discussion. Nevertheless, the textbook 
is central to schooling; it is .useful in "instructed learning" 
(Bruner*s term); it advances the courses of teaching and instruction, 
of curriculum and coursies of study. Our researches indicate that the 
pupil and the teacher tWke a major part of the information central to 
the curriculum with which they are concerned from textbooks. And, of 
course, textbooks are produced by teachers, scholars, editors, print- 
ers — working within the environments of school, university, and 
publishing house. A kind of ecology, or environment of intelligence,.^ 
is central to the development of the textbook. V 

TEXTBOOKS— AS EASES FOR "INQUIRY" 

Gagne informs the thesis of "inquiry" and the attendant aspects— 
"problem solviixg" and the "heuristic mode"— which are integral to it 
thus: ' 

Obviously, strategies are important for problem solving, 
regardless of the/content of the problem* The suggestion 
from some writings is that they are of overriding importance 
as a goal of educ at ic>n-C/ After all, should- not formal instruc- 
tion iri. the school have the aim of teaching the student "how 
to think"? If strategies were deliberately taught, would not 
this produce people who could then bring to bear superior 
problem-solving capabilities tq^any . ew situation? Although 
no one wotild disagree with the ^aims expressed, it is exceed- 
ingly doubtful -that -they, can be 'b^oiight about by , teaching 
students "strategies" or "styles]" .of thinking. Even if. these 
could be tau^t (and it is possible that they could), they / 
would not provide the individual with th^fi basic firmament of • 
thought, which is subject-matter knowledge.' Knowing a set of . 
strategies is not all that is required, fc^r thinlcing; it is 
not even a sxibstantial part of what is needed . To be an 
effectiv e problem solver, the individual ifaust somehow have " . 
V acquired masses of structurally organized knowledge > Such 
knowledge is made up of content principles, not heuristic 
ones . (Gagne, 1965, p-. 170O 
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1 - A textbook is indeed a reservoir of "structurally organized know- 
i ledge"; it is indeed "a basic firmament of thought, which is siibject- 
. I matter 'knowledge, " , To derive a definition from Gagne's statement and 
'mate it with a statement of Bruner's mentioned earlier: a textbook 
Is structurally organized knowledge in a given domain of di scourse 
which is skillfully devised as a compact delivery sy stem of the cul- 
ture , 

Bruner, commenting on "discovery," puts it this way: 

It seems to me hi^ly unlikely that given the centrality of 
culture in man's adaptation to his environment— the fact 
that cultxire serves hxm in the same way as changes in mor- 
6. phology served earlier in the evolutionary scale — that, \ 
biologically speaking, one would expect each organism to 
rediscover the totality of its culture — this would seem 
most unlikely. Moreover, it seems equally unlikely, given 
■ the nature of man's dependency as a creature, that this 
long period of dependency characteristic of our species was 
designed entirely for the most inefficient technique possi- 
ble for regaining what has been gathered, over a long period 
of time, i.e., discovery. (Bruner, 1968, pp. 101-102.) 

Indeed, a textbook is an "efficient technique for regaining what 
has been gathered over a long period of time, i.e., discovery." The 
textbook then is a base from which one contemplates a variety of 
modes of discovery and, arguably, learns modes of probing nature 
xiseful in the past and present. 

Yes, .the textbook presents and telLs — even as the lecture does — 
but in a different way. Probablyo inost^'Studeuts can dose^ the textbook 
and contemplate, what it means to 'say— open it, close it, etc., etc.,— 
but the sldLlls^ of , contemplation and "closing off" in the presence of 
' the lecturer.: W'rel^azardous. As Ausubel informis us, we have enougji 
decent research; to know that- "one good e^;onomical. way of learning a . 
principle, or concept, is that of being told aboutr-iri^V The textbook 
"tells"; textbooks, in a way, furnish broad shoulders on which 
learners can. stand. Certainly learners "stand on the shoulders of 
others", so that they can see farther. 

- ; TiTO THEORIES— REFLECTING ON IHE TD!TBOOK 

\ A theory is, of course,' an explanatory model. Out of a consider- 
able number of observations and study of textbooks, teaching, and 
instruction in classrooms over the world, the writer offers up the 
following theories of "instructed learning" and "curricxilum." Bruner 
has\ offered us a base for a theory of "instructed learning," but alas 
has \not stated one; his eventual stat.ement^will surely make oiir tender 
attempt obsolete. In any event what J?e wi£ne^ generally in the 
classroom is not learning per se, but ^'instructed learning",; that is, 
. learM-ng in a prepared and structured environment. My observations 
in 4^ 9y72 classrooms over 20 years substantiate this proposition. 

■ ■ v. ." ■•• ■ ■ .. • - ■ ' • ■ ■ , ' • 
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In order to consider the utilization in instructed learning of 
the textbook, we are reqxiired to probe an initial, tentative state- 
ment of a general theory of teaching. Otherxrf.se, there is always the 
high tide of the polemic, without a base. Any theory is tentative; 
certainly what is of fered here is ineant to be a target to be struck 
down and replaced quickly by one informed with greater precision and 
accuracy through the results of further research. General theories 
must court obsolescence. 



A GENERAL THEORY OF TEACHING 

Perhaps we mi^t state a general theory of teaching as follows: 

In any specified act of instructed learning a new environs- 
moit is created from recognizable objects or familiar events 
so that learners, in all their variety, respond by initiating 
activity involving the manipulation or transformation of the 
new^ environment leading to increased capacity in conceptual, 
psychomotor, affective, or conative behavior as evidenced in 
the generation by the learners of verifiable orderly explana- 
tions of the newly observed objects and events, or as evi- 
denced in the development of enactive, iconic, symbolic 
devices, or models, assisting in the successful recognition 
or explanation of the object or event which is the objective 
of the specified act of instructed learning. 

In simplified form, this statement could read: 

In any specified act of instructed learning a new environment 
is created; in responding to the changed environment a 
learner gains capacities not achieved through prior exper- 
ience but specified in the given act of instructed learning. 

Corollary : A textbook places in non-random sequence 
the objects and events which are common to the cognitive 
(conceptual), psychomotor, affective, or conative environ- 
ment (the domain of discourse^ss^that a n^w "environment 
may eventually be the task instructed lea'ming. 

It seems clear, and it is demonstrable, that textbooks assist "in 
the generation by learners of verifiable orderly explanations" (Brand- 
wein, 1966, p. 10) of the new or changed environment, if only in those 
areas where prior knowledge is essential. Where the -state of affairs 
in a giVen area is being subjected to analysis, the learner undertakes 
"the development of enactive, iconic, symbolic devices, or models" 
(Brandwein, 1966, p. 10). Surely a learner should not pass off a 
model already "perfected" as his own — nor should he reinvent the wheel. 
— again and again and again. Perhaps he or she — if a lifetime is 
available — can and shoxild reinvent the \Aeel, but One must be certain 
he or she has not seen the wheel, or read about it, prior to invention 



Edified from Brandwein, 1966, and based in part in discussions 
In Bruner^ 1966. . . ^ 
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Too often our schools revard only the right answer, and so many 
leaner^ are not encouraged to be honorable in their -invention; 
briefly, they reinvent wheels 'they have already invent e<i. To learn 
must mean to do something "new" — whether this be a mod^^f ication of 
an old act or not. Hence the emphasis on a, new environment. 

A GENERAL. THEORY OF ."IIRRICULDM 

- Perhaps this theoretical statement.' will be useful: 

In the design of a curriculum, non-random ordering is 
imposed on domains of experience; in turn these are 
reconciled in compatible orders designed to increase the 
effectiveness of instructed learning described in objec- 
tives defining specified behavior (Brandwein, no date) . 

Corollary 1 ; . Curriciilxm is a search for patterns 
of order (systems of meaning) in instructed learning. 

Corollary 2 : A textbook is a non- random ordering 
imposed on related (italics ours) domains of experience. 

Corollary 3: A textbook is "experience in search 
of meaning" (Einstein's phrase which he used in -defining 
science) • 

Corollary 4 : Where the textbook is part of a 
"system" of instruction (laboratory materials, manuals ^ 
workbooks, films, filmstrjips, TV, machine-assisted • 
instruction, etc., etc.); non-random ordering is 
imposed on elements of the syst^-m to'' serve the objectiv^s 
of instructed learning. 

These two theories are not primarily normative (dealing with th 
"ought"), but are descriptions, perhaps,' of the factual (what "is")* 

THE UTILIZATION OF THE TEXTBOOK WTTHIN A "SYSIBf* 

IN SCHOOLING 

We want to know in advance: we don't want to be surprised by 
ordinary phenomena; we want, as far as possible, to control our 
environment. Textbooks (or the textbook within a. "system" of . AV 
materials, laboratory materials, reading tests, TV, film, ' etc. ) , or 
instructional materials — in whatever forms which are part of the 
curriculum — are designed to assist us. in our quest. 

Because the world is full of clutter and the "seven slots" with 
which we take in stimuli, we do not attend to. -every thing. Ausubel, 
Cronbach,. Bruner, Hilgard, Conant, Brandwein and a host of others 
have developed schemata for "experiences in search of meaning" which 
run somewhat as follows. 
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a. Because we catmot attend to everything, ve - select what 
ve^ shall attend to_ . 

■ b. Because the mind seeks cues snd signals in what"-lt attends, 
we select a part of the object to signal us of the "whole." 
We economize . (A bird's color "tells us" the whole bird.) 

• ■"•>" 

c. As we attend to the object or event, we connect other 
experiences to what is being attended to; so we make a 
'"whole." (The bird signals the kind of environment; a 
grebe does not usually signal the same environment as 

^ that of a robin*) 

• / • ■ - . , ■ 

d. As we attend, select , economize , and connect , we develop an 
explanatory model — a concept, a nyth, an art form, a meta- 
phor, etc. These explanatory models are tested against 
experience; we use them increasingly to assist us in know- 
ing in advance. (Witness extrapolation of the ^>henomena 

of weather, environmental pollution, population, etc.) 

- The sequences in a to d are* indeed the sequences of a textbook, 
a unit in a textbook, a. lesson, a film, a filmstrip. Most instruc- 
tional materials depend on this sequence.- At times instruction 
initiates the entire sequeince, leaving little to the student. (Crqn- 
bach [1968, p. POl^'calls this "didactic material."). At times, 
portions of the sequence (perhaps directed by questions) are left to 



the student ("discoYery,"^;'inquiry," " 



investigation," the "heuristic 
" rather than "closure").' 



approach"; "opensure 

Nevertheless, the writer's observations in some "5000 classrooms 
over the past 20 years leave little doiabt that the iaajor form of 
instruction in the United States, indeed the world, may be described 
in this model: 



Bodies 
of 

knowledge 



transmitted by an instructor 



tested by the instructor 



Bodies 
of 

students 



Within svch a model of schooling the textbook is central. The 
writer's observations (over the past ten years) indicate that the 
teacher's telling (lecture or lecture-demonstration) is: 

about 40-60 percent in levels 4-7 
about 60-70 percent in levels 8-9 , 
about 70-80 percent in level 10 
about '80-95 percent in levels 11-12 
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Are we to consider a laboratory session in which the student 
follows a. workbook, mimeographed sheet, or oral instructions "dis- 
covery" or "individualization"? Probably not* It is perhaps another 
form of "presentation." In my observation, less than 0.05 percent of 
our cl^srooms ,r?ffer true individuation:— namely, a method by which the 
individual leafner has a clear choice (even a wrong one) of method and 
means in solving a problem; preferably, the problem is stkted by the 
individual. [The teacher should intervene only when there is danger 
of accident.] 

There is, however, a growing sentiment for careful organization 
of schooling over 12 years in order to establish the following model. 
The area of the angle (in the model below) indicates time and respon- 
sibility taken by teacher and learner.. Note that in (3) and (4) there 
is an open end — ^meaning less limitation on time used by the learner in 
"inqirLry," or the heuristic mode. There can be a progression such as: 



teacher 
ca. 70% 



learner 
ca. 30% 



most initiative 
by teacher 



teacher 
ca. 30% 




learner 
ca. 70% 



less initiative 
by teacher 

(3) 



In my observation, in the elementary school models (1) and (2) are 
becoming increasingly evident (from .01 percent of schools in 1950 
to 2 percent in 1975). In the junior high school model (3) is 
increasingly evident (3 percent of schools in 1975) ; and in high 
schools model (4) is practi-ced sporadically but is increasing in 




p\teacher 



most initiative 
by student 
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practice (from a trace in 1920, to a heyday in the period of progres- 
sive education and the years 1954-65, and at the present about 1-2 
percent. Individualized modes of learning fall within the model 
(particularly models 3 and 4). In such a model, although the text- 
book is a basic form of reference, other references (a variety -of 
them), are utilized. 

Nevertheless, in some 98 percent of the 5000 cases observed 
(including the "open initiative" models presented above), all teachers 
consulted' (some 3,700) showed this writer the textbooks which were 
basic to their curriculum. In recent years (1950-1977) in the high 
school some 87 percent used "basic" textbooks in the jxinior high 
school (all used textbooks as reference); and 100 percent of all ele;- 
nffintary school teachers used programs of which the textbook was part, 
single textbooks, units in science. Nevertheless, all teachers and 
students used textbooks as reference.^ 

Other observations made by the writer add to our -picture: 

— Some 82-85 percent of districts over the United States at all 
levels of instruction insist on information dealing with "readability" 
before a science text, science- program, or science "system" is 
accepted for consideration — a clear. index that the "textbook" or 
"text unit," is central (ca. 1,100 districts over the U.S.' investi- 
gated) . 

. — In the period 1970-1977 some 67 percent of superintendents — 
not teachers — placed individualized instruction in science at the 6-10 
range of importance, 1 being most important ("individualized. instruc- 
tion" being equated with ;" lab oratory periods") . In the period 1954-65 
some 72 percent placed it in the 2-7 range (some 975 superintendents). 

The writer's observations are clear: . Over 30 years of firsthand 
study 'of curriculum and instruction in the United States show that the 
textbook has been basic to schooling. In classrooms visited by the 
writer, some 95-97 percent of the students utilized a basic textbook. 
So too over the Western world — Europe mainly. 

AT THE TURNING POINT 

' \ ' . ■ 

Nevertheless, the world seems to be at one of its strange turning 
points. We are about 'to enter the post-industrial era, and school 
populations of the next 50 years; will undergo a change in character. 

- First, we shall be. required to meet the needs of the greater 
variety of youth. All of youth . It will no longer be possible t.o 
Jiave collegiate and noncollegiate orientations only; the full range 



As this is being written, a presentation on CBS television news 
(Walter Cronkite) on "education" [sic] reports that 95 percent of the 
time in class is spent with textbooks. - 
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of human endeavor will require: representation. Schooling and education 
will be lifelong. Why;?* Given the strictures placed upon life, it will 
be clear that th^* major business of humai^dLnd^Cin the post-indus trial 

^countries) will be the business pfj^ucation.. In other words, witfi 
expenditures- in energy and- respur^es severely curtailed, the investment 
win be in people. Thei^ef6re\ schooling and education will flourish; 

^ and the fulfillment of all children — handicapped, in whatever way,, gifted 
In whatever way— will be the superordinate goal. 

Second, we shall- be required to consider a greater variation in 
learning styles of all! learners. We have^come to recognize that 
"education for the whole mind" requires education of both hemispheres , 
of the brain. The left brain (in right banders) you will recall is , 
concerned mainly, but 'not entirely,' with linear sequencing (reading; 
mathematics); -the right, with spontaneous processing (holistic, con- 
ceptual' patterning, aaad with the spatio-^visual) . 

So Bogen speaks to us: . 

"^"^^ince education is effective only insofar as it affects the 
working of the brain, we can see that an elementary-school 
program narrowly restricted to reading, writing, and arith- 
metic will educate mainly one hemisphere, leaving half of an 
individual's high-level potential xmschooled. 

We are accustomed to hear, these days, of the "culturally 
disadvantaged," those persons whose prepositional potential 
has remained underdeveloped for lack of relevant exposure. 
There is likely a parallel lack of appositional development 
in persons whose only education consists of the^ three *F's. 
That is, just as the left-hemisphere potential for proposi- 
tionizing may be underdeveloped, so too should we expect 
that right-hemisphere capacities can suffer educational 
neglect (Bogen, 1975, p. 27). 

So Witt rock: 

Studies with school children also usually indicate that 
instructions, pictures, and high-imagery words facilitate 
learning and recall, although the size of the effect is 
often less than that obtained in the laboratory At UCLA 
several experiments were conducted to determine if kine- 
tic ^molecular theory could be taught to kindergarteners 
and primary-school children using pictures, concrete 
examples, and simple .verbal text to- introduce and explain 
the concepts of molecules in motion, istates of matter, 
and changes in states of matter. ..Several hundred original 
colored .drawings prepared by artists were used to repre- 
sent molecules, gases, liquids, solids, evaporation, and 
condensation. After two to four weeks of instruction, two- 
thirds of the children in one study successfully answered 
most of the questions about the comprehension and recall of 
the concepts. These concepts were previously thought to be 
too complicated for children below Piaget's symbolic (age 
11) or concrete (age 7) levels of intellectual development. 
(Wittrock, 1975, p. 38.) '\ - ^ 



What emerges frons this is the terrible thought that what we have 
al^ys suspected nay indeed be true: In our urgent dcteminatioa to 
secure sci^tists, technicists, oathematicians, lawyers, and teachers, 
we have emphasized one aode, the verbal, and have neglected relatively 
the spatio-visual. ^^e arc beginning to susp^t that many children may 
lead from the spatio-visual ta the linear verbal and others from the 
linear verbal to%he spatio--visual. Is this possibly the reason for 
the .fact that 25-30 percent of our children get 75 percent of Che 
'^failing marks**? Is it possible* that an approach to teaching and 
learning which stx^sed the spatio-visual as importantly as the verbal 
iii^.ght have saved chem? Is idicsyncracy in learning then, more than a 
supposition? 

The implications for instruction, for curriculum, for instruc- 
tional programs of the work on the duality of the mind ^re^ signifi- 
cant and critical* From the perspective of these elements: 

a. On-rushing post-induscrialization and the consequent primary 
orientation towards schooling and education for all — x^at- 
ever their ability and learning style (verbal or spacio^ 
visual or both). 

b. Changes in the administrative and supervisory cadres; 
younger admJSsLstrators with "newer values" are replacing 
those who are^^etired, 

c. An ever--increasing life-span; therefore, a longer "adoles- 
cence" and "youth." ^ 

— it seems, at least to this writer* that at last "schooling" 
is -to become increasingly "education." All modes of teaching and 
Irstruction will find their place as we attempt to fashion an 
environment in which each anc} every child is considered to be of 
supreme moral worth. The vasr range of instructional materials- 
laboratory materials, workbooks, films, films trips, materials 
stressing "investigation" and "inquiry," textbooks, computers, 
machine-assisted instruction used for individuatfon, small and large 
group instruction, team teaching— -and the like will surely be usefuJ. 
in a compact delivery system of the culture* Surely Cronbach*s 
modest request will guide us. . 

In spite of- the confident endorsements of teaching through 
discovery that ve read in semi-popular discourses on 
improving education, there is precious little substan- 
tiated' knowledge about what advantages it offers, and 
under what conditions these advantages accrue. We badly 
need research in which the right question^ ^re asked and 
- trustworthy answers obtained. When the research is in it 
will tell us, I suspect, that inductive teaching has 
value in nearly every area of the curriculum, and also 
that its fanccion is specialized and limited. The task 
of research *is to define that proper place and function. 

Honest research is hard to do, when learning by discovery 
• is the battlecry of one side in the ardent combat between 



cdttcatioaai. philosophies. We have/ on the one hand, the 
view of education as cultural transmission, which hints 
strongly that it is the teacher's job to know the answers 
.and to put them before the pupil. On the other, we have 
the view of education as growth, arguing that the only- real 
and valuable knowledge is that formulated by the pupil out 
* of his own experience. The second position, ^ich appeals 
to liberal, humanitarian, and instrumentalist biases, has . 
a long history. In the last 30-odd years the bias favoring, 
do-it-yourself learning has been very strong, as educators . 
and psychologists have united in attacks on teacher domiV 
nance and pupil conformity. Consequently, we have had V 
almost none of the cut-and- thrust debate needed to define \^ 
Issues and to expose implications or falacies of the evi- 
dence . 

It is time to put aside the polemic question. Is teaching 
through discovery better than didactic teaching? (Didac- 
tic is perhaps not the ideal brief label for the pedagogy 
in which the teacher sets forth knowledge, but among the 
words that come to mind it has the advantage of being 
least value-loaded.) We shall have. to ask subtle questions 
and exhibit both patience and ingenuity in unravelling them. 
(Cronbach, 1968, p.. 76; reprinted with permission of the 
editor.) 

Whatever is the future dictated by research and the best interpre- 
tation of its utilization for children in our schools, it is cleat that 
the mind will seek to interpret the world as a whole. It will select 
from the world's clatter, it will economize on cues and connect all 
experiences into wholes, that is . explanatory ..models . The syi?.cretic 
operation of author Cscholar and institution), of editor (scholar and ^ 
institution), of teacher (scholar and institution), of learner ^ , 
(scholar-to-be in society, as institution) will furnish ways (i.e., 
"materials of instruction") to assist the mind in its quest. 

Mind makes the child and to nourish the mind is our sole objec- 
tive as teachers. The goal is no longer \*a healthy mind in a healthy 
body" but a healthy mind, in a healthy body, in a healthy environment. 
Schooling and education is our province — that province is the environ- 
ment we fashion for. the health of the mind within the body. 

All instructional materials are an earnest of our interdependence 
with teachers of past, present, and |i^ure. All children must learn 
the skills of interdependence witl^Stt, present, and future. One of 
the great skills of interdependence^ iT^the proper utilization of the 
knowledge painstakingly gathered by those who have gone before us. 

Like* other organisms- we are interdependent with our environment — 
and part of this environment is that described, in whatever -way, in 
books. We disregard at our peril the cumulative record which is 
passed on to us in textbooks, in books,' in men, women, and instruc- 
tional materials of all kinds — to use and supplant by greater work. 
The "unknown"— that which is accessible to our searai— is bound by 
ItS HDobilical cord to the "known." The past— however gathered— in 
book, or voice — is but prologue. 



POSTSCRIPT 



[N.B. to the reader— As I, write I sit with Dante* s "Inferno" 
and Lucretius* "On the "Nature of Things"— possibly used as text- 
books. Around tne in the shelves are all , I think all, the current 
programs in science at the elementary, junior high school, and high 
school levels. One elementary program has 162 items— each an orches- 
tration of experience for eyes, hands, nose, ears, for reading the 
past and probing the ^future. It is incredible how far we have gone— 
yet so inf initestimal/ a distance.] 
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As a lorig-time participant in the federal government 's funding 
of science ' education, Howard Hausman has the historical perspective 
to examine events of the past several decades and pring them vnto 
fine focus. In his own words ^ this paper: '\..is a cormentary on 
the socio-political atmosphere of the times in which science ed 
became the business of Uncle Sam... I relate why and how this 
happened... and try to show the significance of these events^ foi* ^ - 
e^hicators. " . . 



INFLUENCE OF FUNDING BY THE UNITED STATES . ; c 

GOVERNMENT ON THE TEACHING OF SCIENCE IN 
THE, ELEMENTARY AND SECONDARY. SCHOOLS 

Howard J. Hausman 



Of all the traditional' academic subjects taught in the secondary 
schools, only in science and mathematics has the federal government 
initiated and sustained a long-term effort to bring about changes. ' 
Beginning, in 1954, government policy had succeeded by 1970 in ^ro- ^ 
foundly influencing teacher education, teaching practices, and) curri- 
culum content in probably a majority of secondary school science and 
mathematics classrooms. Elementary school science and particularly 
mathematics have also been strongly affected by federal activity, but 
probably to a lesser degree than in the secondary grades. 

That any school subject areas should be so influenced is a start- 
ling departure from^ nearly a century and* a half of political doctrine 
in our country, for a. federal role has always been vigorously denied 
in favor of state and local government initiatives for education. 
Even when attempting to. strengthen such restricted areas as (^oca-, 
tional and agricultural education, federal funds were left in the 
control of state education agencies through a "trickle down" me^chanism 
of channeling allocations. How this came about, and. the effects of 
over two decades of federal activity on these disciplines, 'is the 
sxibject of this paper. 

• . ' ■ " - \ y 

ORIGINS 



The end of World War II* left the nation with a powerful and grow- 
ing scientific research and development establishment. Within the 
government and within colleges and universities the voice of science 
and technology was given respectful attention. For practical purposes 
government and university .science acted as a single, broadly based 
'•Establishment." Counsel of the wise mei^ (literally so, for almost 
no women were involved) was sought on almost every aspect- of national 
policy during the 1940s. and 1950s. The Cold War, with its tests of 
strength in technology and scientific resources, appeared as a 
recurrent theme in arriving at decisions. 
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This' Science Estabiishment led the federal government in the 1950s 
into an historic break with past educational policy, with a sympathetic 
boost from allies in Congress, by entering aggressively into the 
strengthening of science education in the secondary schools. The begin- 
nings were imperceptible, and the chosen agency was an obscure newcomer 
to the government scene practically unknoxm even to academic scientists: 
the National Science Fo:jndation. Reflecting our country's traditional 
. expectations from the. scientific enterprise, but with a new sophistica- 
tion as to how it is nurtured, the Congress in'1950 created the 
• National Science Foundation and directed it to "develop and encourage 
the pursuit of a national policy for the promotion of basic research 
and education in the sciences." Moreover, in exercising its authority, 
•'it shall be one of the objectives of the Foundation to strengthen basic 
research and education in the sciences" (U.S. Congress, 1950) • Mvch 
later, in 1972, the charge ^to the Foundation was revised to read: 

to initiate and support basic scientific research and program 
to .strengthen scientific research potential and science educa- 
tion programs at all levels — (underlining added) (U.S. Congress, 
amended 1950) , , , 

This reflected years of frustrating conflicts between Congress and a 
foot-dragging Foundation on the subject of pre-cbllege science educa- 
tion, reaffirming ^Congress' intentions in the establishment of 
education policies. 



Institutes Program 

Within four years of the enabling act, the Foundation was experi- 
menting with a program for upgrading high school science ^ and. mathema- 
tics teachers through intensive subject matter training in summer 
ins.titutes, and shortly afterward to consider academic year institutes- 
.-'involving full time attendance during the school^ year. Furthermore, 

in 1955 NSF funded the first of its major curriculum development pro- 
^ jects to improve course content. in the high schools. By the summer of 
1957 the new federally supported institutes .began to acquire visibility, 
and in 1958 there were 122 summer institutes, 19 academic year insti- 
tutes, and 85 in-se^ice institutes serving about 10,000 teachers! 

NSF had launched an extensive operation that broke new ground in 
federal education policy. In doing so, it had completely bypassed the 
United States Office of Education, ostensibly the only federal agency 
with a clear legislative mandate to concern itself with elementary and - 
secondary, education. The political reasons for circumventing the 
Office of Education, which is now and was then p_art of ^ the Department 
of Health, Education an-l Welfare, are complex. A simple explanation', 
is the desire of one element in the power structure of Corigress to 
have a direct .impact on science (and improving the schools) without a - 
"head-on collision with the education establishment and te^*s powerful 
supporting lobbies.^ . < ■ 

In -the background lay the interaction of the executive agencies 
of government, the Congress, ,and the Scientific Establishment. The 
wise V<^n of science showed evidence to the Executive branch and the 

'* . . . 
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committees oVbongress that the nation was falling behind Russia in 
science and engineering manpower, as well as in rate of growth for 
certain crucial fields of research. Moreover, the state of pre- 
college education was such that it needed the benevolent intervention 
of the Establishment. So it came to pass that science education 
became the beneficiary of important federal money and concern. 

In Congress, everything starts with the Committee. For NSF in 
the Hotise of Representatives this is the Subcommittee for ^Independent 
Offices of the Appropriations Committee. In fact, for the first 18 
years of NSF*s existence the Appropriations Committee was the only 
congressional, body consistently- to review NSF' s programs. Finally 
both the House and Senate provided for authorization committee hearings 
independent of appropriations, so that ample oversight of NSF perform 
mance and authority could be made before recommending funding levels 
for the year's appropriations. Rep. Albert Thomas (D, Texas) was the 
appropriations subcommittee chairman during NSF's early years. He,^.. 
along with the other' astute members of the siibcomirittee, steered NSF's 
initial funding requests into acceptable (i.e., to Congrea?) amounts 
for each important segment of the budget. • As events caused NSF to grow, 
V Rep. Thomas was usually supportive, though cautioiiS. 

In the process of setting appropriatioI^ levels, the priorities of 
Congress inevitably merged with those of the Foundation and, ar that 
. time of the Eisenhower administration, in determining program emphases 
and spending. On one point there was a difference of opinion — the , 
place of high school science education in NSF's plans. NSF's most 
senior officials were oriented toward basic research, mainly in univer- 
sities, and toward the graduate schools that produced th^ best yomg 
scientists. The National Science Board, NSF's governing body which^by 
law sets Foundation policy, consisted of eminent scientists from 
research backgrounds. In their judgment there was no time to lose nor 
money to be wasted on anything that would detract from meeting the 
urgent needs of basic research and that arm of the education system 
that supports research, the graduate school. Emphasis was on build- 
ing up modem research facilities, supporting outstanding research 
proposals in the various disciplines and newly appearing subdisci- 
plines or cross-disciplines of science, and, maintaining an adequate 
supply of top-trained young Ph.D.*s. These would all. take many millions 
-more than the government was willing to give NSF. Education in the 
sciences (read: undergraduate colleges) was important but of decided 
lower priority; as for education in the high s,chools, or, perish the 
/thought — elementary schools, that was hardly the responsibility of an 
organization ^ose mission was the strengthening oi basic research. 
This point was made by the 'National Science Board and reflected by 
' the most influential members of NSF's admii>5.5>crative hierarchy at every 
opportunity, at times in public, statements ^-ti^ consistently behind the 
scenes whenever Foundation priorities were being established and bud- 
gets formulated. Of course, the small staff within NSF charged with^ 
strengthening science education was "deeply disappointed by the Founda^ 
tion's institutional biases. 

In the early years. of the Eisenhower administration NSF's moguls 
' were persuaded to divert some very modest sums to scicfnce education, 
because disparities with. Russian efforts were seen as a threat. 
Reports appeared of serious inadequacies in the -backgrounds of science 



teachers, college teachers and particularly high school teachers. 
Undergraduate enrollments in science majors were declining. Even 
though NSF had not planned on it officially, - the agency found itself 
supporting a few "experimental" institutes for college teachers in 
1953 and, in the next year, fox high school teachers. 

Thomas disagreed vehemently with NSF's stand on science educa- 
tion. He repeatedly took the Foundation to task over its shortsighted 
neglect of higif school science. Possessing the power of the purse, 
this'House subcommittee established a new federal policy of large- 
scale support* for high school teacher institutes in the spring of 1956^. 
For the fiscal year beginning July 1, 1956 (FY 1957) both houses of 
Congress agreed to an unprecedented clause in NSF's appropriation that 
no less than $9.5 million would be spent on "tuition, grants, and 
allowances in connection with a program of supplementary training for 
high school science and mathematics tea,chers'." This was almost three" 
times the amount NSF wanted t&^'Spercd'ori that program. Adding insult 
to injury, the money was not to be added to NSF's original request, ^ 
but was to be taken from the remainder of NSF's budget. The "limita- 
tion clause" was inserted to prevent NSF-from juggling funds later, 
thus negating Congress' intent. The same device was used in every NSF 
appropriation thereafter as a floor for. support of teacher institutes 
through FY 1973. ~ 

Naturally NSF's senior structure chaffed at this restriction on 
their management flexibility. In practice it meant that changing needs 
inflation, or escalating long-term commitments for major research pro- 
jects coxild bfe «?ubject to cutback if Congress failed to appropriate all 
the funds requested, but high school teacher institutes could not 
abso^rb any of that reduction. The psychological block produced other 
effects,-such"^ as disproportionate reductions in all other aspects of ^ 
the science education budget except for graduate fellowships. Congress 
sympathetic sponsorship of teacher institutes was not an unmixed bless- 
ing, because it stunted development of other NSF education programs. It 
also resulted in deep congressional suspicion of staff initiatives in 
science education,- as a devious plot to undercut the institutes. Cov?)led 
with resentment of the other NSF divisions, problems were thus created 
for /science education in the larger sense. .Thus, attempts to tackle the 
problem of elementary teacher inadequacies in science and math started 
and were aborted; alternative programs to help high s,chooj. science were 
held back or discarded; undergraduate science education programs were 
seriously underfunded. The specter of the "limitation clause" -generated 
hostility within NSF and boomeranged on science education. 

One remark by Albert Thomas should be noted. In the FY 1957 hear- 
ings, commenting on the importance of the institute program, he said: 

My own thinking toward the Foundation in the past has been 
that you have been living in the past. You have been doing 
too much bookkeeping work to find out what has been done in 
the past. - - 

Let's forget that. The past is prologue and may have. some 
value. You are striking out on something new now. You are 
going -right at the fundamental thing, this shortage that is 
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created by a lack of high school teachers. When you start 
doing'work like that, you are really striking something that 
is of value to the whole nation. 

But get away from evaluating past work and spending four or 
V five hundred thousand dollars in bookkeeping, evaluating, and 
sifting here and there 

I think you have a fine program but I believe you can cut - 
out some of your paperwork. Train your tnanpower, that is 
what you need. "(U.S. Congress, House, 1956.) 

So much for evaluation! Rep. Thomas frightened off NSF's top • 
echelon of executives so that practically no funds. were used to, 
establish baselines and follow through on effects of the new programs 
before the sheer size of the institute program blanketed the profes- 
sion and contaminated all measurements. This prejudice against 
"educationist" types of study continued within NSF into' the 1960s, 
so that little effort was focused on estimating the impact of an 
entire generation of new -education programs spawned in 1958 and later. 
In the, end, this early unwillingness to evalxiate worked very adversely 
on the institutes program itself, leaving no defense against assaults 
by the Nixon administration to show degree of need at that time. When 
the final attacks succeeded in killing off all teacher institutes, the 
available evidence on likely effects of the cut-off was eqxvLvocal. 



Curriciilum Reform 

The second major element in NSF's pre-college education program 
"^was the restructuring of science, math, .and social science course 
-content. This began in the early 1950s through support of specially 
constituted professional groups pf scientists and science educators. 
Curriculum reform was an early' goal of the Science Establishment. 
■ They surfaced examples of physics texts that were alleged to have 
taken their structure from the early 1900s arid merely accmulated 
nieces over the decades as publishers issued cosmetic revisions. New 
concepts were years in getting introduced to high school students; 
they could read about them in science . columns of newspapers or school- 
oriented magazines, but hardly touch upon them in class for lack of 
systematic text treatment. Biology waS largely descriptive at the 
beginning levels, and medically oriented in advanced courses. It was 
also too often "nature study" rather than science. (The reader must 
remember ,at che time the environment and ecology had not yet been 
"discovered.") ^ 

Academic scientists and the better prepared high school teachers 
were eager to introduce more modem materials into high school class- 
rooms for the students who might continue in college as science or 
engineering majors. As for the academically able student who did 
not intend to major in science or engineering, the courses the scien- 
tist groups had in mind would prove intrinsically more interesting. 
If students" were not^led into science by these improved courses, they 
would -at least gain a truer understanding of science and the processes 
by which knowledge is gained — "science literacy." 
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There emerged a consensus that the Science Establishment should 
be the Cfore around which curriculum reform would take place. Academic 
scientists would have to become deeply involved, with commitments to 
work for protracted periods of time either on the entire project or 
segments suited to their expertise." A genuine sacrifice would be 
demanded of - licntists selected to participate; their research or 
other interc w-» ld have to wait until the high school course prob- 
lem was hancl'-t iMs attitude did make service on high school 
curriculum projects respectable for well known scientists ^ and it 
brought first rate science into the preparation of high school content. 

These themes crystallized with the arrival of a plan by Jerrold 
Zacharias of MIT, a renowned physicist, for development of a modem 
high school physics course. In November 1956 a $300,000 grant was 
made to Zacharias' group for a detailed study of operating procedures 
and some illustrative materials. The result became the model that 
shaped the first wave of curriculum reform, a landmark that changed 
Ideas on how to construct science curricula. The unifying concept 
was to be wave motion. The course would be developed by teams of 
highly qualified people,. with academic scientists responsible for all 
phases. A coordinated package would emerge, with a text unlike any 
seen before <not merely another college freshman text adapted for 
high school), totally integrated with lab experiments, films for 
phenomena hot readily shown in a high school classroom, paperback books 
-for supplementary readings, examinations, and teacher edxication plans 
to enable capable teachers to learn the materials and how to teach the 
course. Noteworthy also was the intetition that the course be experi- 
ment centered, with laboratory equipment designed esplecially for the 
concepts and phenomena of the course. Thus was bom PSSC. 

Another feature of the PSSC model was the trial of /materials in 
- classrooms,^ followed by revisions until the final product satisfied 
users as -well as developers . Then there was consideration of publish- 
ing', and distribution of text and other materials, with a cautious eye 
to the likelihood that a publisher could promote texts without due 
regard for non-print but basic elem^ents— the laboratory ^eriments 
around %^ich the course revolved, the films, paperbacks, and particu- 
larly the need3^ of teachers for orientation. Distribution of products 
was achieved by competitive bidding; thus, D. C. Heauli was"' awarded 
publishing rights to the text, and other educational commercial 
channels handled films and siipplementary books'. Teacher training, 
however, fell upon the NSF institutes. 

Well before 1960 a distinctive set of criteria for new course 
development had become established: (1) stress understanding of 
principles rather than relying on memorization of facts and defini- 
tions; (2) structure the course around powerftil organizing themes 
that underlie the most important phenomena of the discipline; (3) 
introduce Important new concepts to high school students in a manner 
meaningful to them and yet honest in adherence to scientific under- 
standing; (4y hands-on experimentation should precede explanation, 
and phenomena should lead to learning whenever possible rather than 
• be used merely for illustration; (5) teachers should refrain from 
telling students what will be found, but create situations that per- 
mit the student to experiment and discover governing principles for 
him or herself; 



T|ie Foundation showed institutional courage in funding Zacharias' 
daring proposal essentially as drafted. Eventually NSF contributed 
$5.7 million to PSSC in development costs alone, and additional funds 
from non-publJLc sources helped to defray the cost of this inammoth 
project. There followed equally radical proposals for mathematics, 
biology, chemistry, earth science, and, a bit plater, geography, 
anthropology, sociology and other subject areas. Junior high science 
received important boosts by a series of projects that leave a real 
choice to school districts. Elementary science also received major 
funding. A complete listing and description of NSF's course develop- 
ment work has been published (National Science Foundation, 1974). 



Sputnik and Related Events 

The role of Sputnik is frequently mentioned when discussing the 
beginnings of federal support of Science education. This memorable 
event occurred on October 4, 1957 , a total surprise to^ the American 
public. The national mood in the following years favored the NSF 
thrusts. Sputnik, however, did not create the science education 
program. Both Sputnik and the advice that placed NSF in the business 
of science education can be traced to the same source — Russian techni- 
cal and scientific competence, and the doggedness of that, country's 
efforts to excel fn at least certain spheres of science and engineer- 
ing. The timetable of NSF's early activities indicates that policy- 
makers were alert to the possibility of a demonstration of relative 
weakness of American activity in some aspect of science. NSF/s 
graduate fellowships were started in. 1951; institutes for high school 
teachers were first supported in 1954 (private industry had supported 
prototypes for several years before that), and by spring of 1956 the 
House of Representatives had escalated institutes into a large program 
NSF's first large venture in course improvement;, PSSC, was first 
funded in November, 1956 > 

Obviously NSF had already established its initiatives with the 
types of high school science improvement for /which it became note- 
worthy well before October, 1957. What Sputnik did for NSF was to 
accelerate matters, dramatically increasing funding for science 7 
education avA thus helping support a much greater and more diversi- 
fied effort. * " * 

Sputnik also caused the passage of the National Defense Education 
Act (NDEA) in 1958. NDEA had .a decidedly positive effect with its 
transfusions of funds into science materials for the schools and its 
bolstering of science components of state departments of education; 
public and school system attitudes were, favorably affectea, as well. 
The National Aeronautics. and Space Administration (NASA) was also 
created, and one of that new agency's responsibilities was to tell 
the public about itself and space science. NASA organized several 
educational programs that reached the schools with some effectiveness. 
The Atomic Energy Commission was able to increase a small program it 
had started and promoted in collaboration with NSF, the teaching of 
nuclear science to high school science teachers. For a long time 
into the 1960s a large number of well trained science teachers were 
introducing nuclear-based experiments and content into their classes 
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as a direct result of these institutes^ and today the subject matter 
is well diffused into the curriculum. Sputnik had in effect primar- 
ily helped to expand the base and size of a small birt: developing 
science education thrust in the ''federal government. 



IMPACTS 



Institutes » 

I 

The NSF institutes were the first large-scale, national effort 
to upgrade a segment of the seconciry school teaching staff. Estimates 
of the proportion of teachers who participated are inexact because of 
difficulties in collecting statistics and the relative expense of 
keeping accurate". cumulative records over 15 years (recall Rep. Thomas V 
admonition against paper work and evaluation). A reasonable estimate 
has been made, from several sources, of those who participated in one: 
or more institutes (either* in summer, full-time academic year 
attendance, or part-time in-service attendance during the school year 
— or in some combination). At least 50 percent of the existing junior 
and senior high school science teacher population in 1972 had probably 
attended, to greaiter or lesser degree. Almost 45 percent of the math 
teachers in the scliools in 1972 were also^ probable participants at 
some time during the past 15 years. These percentages sum up a total 
of over *120, 000 individual teachers (Hershkowltz, 1971; Schlessinger, 
et al., 1973, pp. 98-100,148-9). 

The peak year for institutes was 1965, when nearly $40 million 
supported oyer^ 37,000 high school teacher participants in 492 summer 
institutes and conferences, 64 academic year institutes, and 313 in- 
service institutes. Each was held at a college or university, with 
its teaching staff drawn from that institution's faculty as a general 
rule (often superior high school science teachers or supervisors were 
also on the teaching staff). Emphasis was on the subject matter .of 
the ^teacher's discipline, in courses suited to the teacher's back- 
ground. Participants were expected to return to their classrooms 
and -use the material assimilated during institute attendance in appro- 
priate ways in their own teaching. A detailed description of 
institutes is not warranted here; for an account of the history and 
workings of NSF's institutes programs up to 1965, a very readable- 
report is available (Krieghbaum and Rawson, 1969). 

Exactly how institutes actually . benefited teachers, and in what 
ways these benefits might be measured, are exceedingly difficult 
questions. Many' studies of institutes appear in the literature 
(the ERIC system catalogs such studies), offering varied approaches 
of different investigators to the problem. Objective data are hard 
to obtain, and measures of student improvement .attributable to 
institute attendance are equivocal* Many subjective reports by., 
participants and observers have formed the basis for positive con- 
clusions on the effectiveness of th6^ institute mechanism. For the 
most part, attempts to assess the impact of inistitutes on science 
teaching have been forced to fall back on self- re porting by teachers 
or observations by more-or-less experts. Even when a listing of 
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topics or details of topic treatment can be obtained from participat- 
ing teachers as an index of institute effect, relationships to student 
achievement are attenuated and in the end the investigator's value 
judgment on "strengthening the course" must be imposed. 

Despite the lack of hard, irrefutable data, the evidence for 
institutes as change agents for the science teaching profession 
is very imptessive. Innumerable interactions of participants with 
visitors to Institutes while in operation, and in high schools after 
return to the classroom, attest to the ferment of ideas and changes 
associated with institute attendance. Visitor reports filed with 
NSF are filled with anecdotal accounts and specific details of 
highly positive results. As usual, there is a small minority of 
dissenters among the teachers. Moreover, with so many thousands of 
Institutes over an 18-year period, great variation in procedure and 
quality was encountered; not all were successful." Nevertheless, one 
finds it hard to "discount such overwhelming testimony by' participants 
during and after their institute experience, often given with examples 
of how they are using material. Subjectively, the teaching population 
believes that institutes have improved their knowledge and performance 
in the classroom. 

When a significant portion of teachers in a subject area is 
singled out for special treatment, and that group reacts very favor-, 
ably, this fact in and of itself tends to create an impact on educa- 
tion. School administrators are influenced by the prevailing opinion 
that subject matter training in the teacher's discipline benefits the 
school. This extends beyond the bandwagon syndrome. From the 
beginning of the institutes program administrators in positions to 
observe returning participri'nts commented on the improved attitudes 
and sense of initiative of the returnees, and consequently these 
administrators advanced the cause within their own spheres of influ- 
ence. This became apparent in the first NSF^^supported follow-up 
study of summer institute participants in 1956, with overwhelmingly 
favorable reports frpm school principals (Bureau of Social Science 
Research, 1956). 

The favorable opinion among school administrators became rein- 
forced as former participants began moving into administrative ranks 
over the next few years. This became evident when NSF began offering 
opportunities to high school principals and school system curriculum 
directors to learn about new science curriculum developments and the 
costs and problems of implementation through a small program of 
Administrators Conferences beginning- in 1967 • A significant propor- 
tion of attendees were former science and math teachers, although 
the majority had other backgrounds. Attitudes among these groups 
showed the pervasive influence and positive feelings engendered by 
NSF programs. 

Thus an inquiry into the impact of NSF' s, institutes programs 
on secondary * schools must start with the vast scope and duration 
of the effort, together with the great preponderance of favorable 
reactions among participants- and other parts of the educational 
structure. Beyond this, there were the many anecdotal and statis- 
tical accounts of better educated freshmen classes entering the 
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state universities in the early 1960s » a change attributed to more 
substantive high school science and math resulting from better pre- 
pared teachers. The inference was that NSF institutes were at 
least in part responsible. No accurate, systematic tracing of 
this phenomenon was done, to the best of this writer's information. 
:lhat NSF programs were responsible is a plausible explanation, but 
university admission polircies may not have held constant during the 
period 1955 to 1965, a possibility that also should be investigated. 
Then there were rises in Scholastic Aptitude Test (SAT) and College 
Board scores at that time, also coincident with the big push in NSF 
educational programs; other explanations can be found for these 
gains without invoking a direct cause-and-ef feet relationship with 
teacher institutes. There ^ is, however, a more diffuse and all- 
enconpassing effect that can explain these freshman gains^ If 
NSF 's education programs in their initial momentxjm were to be inte- 
grated with the national mood for educational improvement, together 
with the uncounted legion of local efforts to upgrade 'education at 
that time, the thrust of national policy was consistent with the 
finding of widespread student gains among college freshmen. 



Curriculum Projects 

The NSF- funded curriculum projects have profoundly affected 
content and teacher practices in at least some classrooms in most 
high schools and junior high schools in the coxintry. The first 
project to be completed, PSSC, serves as an example of spread 
throughout the edacational system. 

From the first large-scale trials and early distribution of the 
original paperback PSSC text up to the present day, every physics 
teacher in the country has had an opportunity to become familiar - 
with PSSC. Most of those who took advantage of these opportunities 
did so through one or another type of NSF institute. Many physics 
institutes were especially designed to assist teachers with PSSC, 
while others devoted a portion of time to exploring' it . High school 
physics teachers are not an especially large group, compared to 
biology teachers,, and covering them in institute training was rela- 
tively easy. Thus, one estimate shows that 81 percent of the full 
time physics teachers in .1969 had attended at least one NSF institute 
and 70 percent of those who taught other subjects in addition to 
physics had also attended — the great majority having taken princi- 
pally institute courses in physics. Even those teachers who were 
borrowed from other disciplines to teach at least one section, of 
physics showed 57 percent participation in one or more institutes, 
though these were ^ less frequently in physics (Hershkowltz, p. 115). 
For the relatively few who apparently never attended, th-e oppor- 
tunity, was there. 

Usage of PSSC in the classroom is a very difficult matter to 
judge. A report by the Aiaerican Institute of Physics showed that a 
teacher could state that he'was using PSSC if he was using the text 
only — or even the text in part, the lab equipment wholly or in part, 
the experiments if only in part, or all of these. Similarly-, a 
teacher might deny using PSSC if he omitted part of the integrated 
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package, although the rest were in use. Most classrooms visited by 
the study team showed significant influence of PSSC in this explora- 
tory study performed on a non-random sample. However, PSSC is also 
a teaching philosophy , and this aspect is very difficult to assess 
without a controlled observation. The question of usage has no 
precise answers, only estimates based on definitions (American Insti-- 
tute of Physics, 1972'). 

Influence of PSSC, however, has been, profound. Physics texts 
by competing publishi-ng companies frequently show style and content 
influences. Lab equipment sales are still going on, more than 17 
years after full-^calc introduction of the course. The style of 
course development set by PSSC has remained as a point of departure 
for all subsequent major curriculum projects funded by NSF and also 
by the Office of Education — sometimes with radical departure, it is/ 
true. In answer to objections among physicists and engineers to the 
PSSC content, there arc now alternatives in Project Physics and the 
Engineering Concepts Curriculum Project (ECCP) , plus several new 
competing texts on the market that permit use of, the PSSC lab mater- 
ials. . • . 

As for other curriculum projects foe the high schools, usage is 
undoubtedly high although it is very difficult to estimate precisely. 
At one point in the late 1960s NSF received figures indicating that 
almost two-thirds of the first-year biology classes were using one 
of the three BSCS texts. CHEMS seems to have captured a majority of 
Ihe chemistry clujses, if one includes the several CttEMS derivatives 
and close relatives that have appeared since the exclusive publica-^ 
tion righcs on the original CHE>E text expired, although precise 
figures arc not at hand. SMSG in mathematics literally overthrew 
the established texts and catised a major upheaval of high school 
math content, with many competing texts and text series on the 
market, all inspired by the SMSG model. A recent estimate shows that 
30 percent of all first courses in junior and senior high school 
science used texts from one of the NSF-supported projects or a close 
derivative in 1970. This includes 42 percent of all first-year bio- 
logy using one of the BSCS texts, without counting competing texts 
that show marked BSCS influence (Schlessinger, et al., 1973, p. 125). 

In the elementary schools the NSF influence is predoioinantly 
in math. SMSG totally swept away traditional eleinentary math texts. 
It is well to remember that SMSG, which developed materials for 
grades K-12, did not produce authorized texts but rather produced 
models ^f text materials (with accompanying teacher suggestions) 
that illustrated the kind of curriculum needed in today^s world of 
computers and science. Although there were paperback copies sold 
by Yale University Press, publishers were encouraged to use the 
sample texts to develop their own series. Thus' each publisher coxild 
hire his own team of experts and take an approach anywhere along the 
path laid out by S>ISG. Texts ranged from almost full adoption of 
the example materials to token adoption; no publisher could' afford 
to ignore the project. 

Although criticism of SMSG has been a favorite parlor sport in 
recent years, it may well be that factors other than the course 
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laaterlals lay behind the poor performance of laany elementary school 
sttidents . Reading, had . been in a constant decline and school disci- 
plixie a growing problem during the ^period beginning shortly after 
SMSG was spreading. It aust also be noted that cost ele^icntary 
teachers had difficulty xising the "new math" in its purest form; the 
closer it caine t^ traditional . foros, the e-zsier it vas for most 
teachers to handle the material ♦ Sincei, however, the unsatisfactory 
nature of traditional inaterials and the laclc of success of tradi- 
tional arft^etic teaching in inducing mastery had caused the public 
to deiaar:i4 veforni in the 1950s, there is little coafort in the fact 
that traditional arithmetic teaching is still the laode. 

Many itteapts at in--service traiid-ug were carried oiit by schools 
initiating "new laath"* pre^grans. In jscost cases" the effort was not 
sustained or extended widely enough to cover replacements^ in a hig^i- 
turnover profession (i.e. , begirSxing elementary teachers) . Teachers . 
needed nsore help than the typical id-service program could give them. 
There were successful training programs that could be used as models, 
of cotrrjife* One of these was the Madison Project, /which did not pro- 
aote an^v text series but rather concentrated on getting subject matter 
across to children through .activities, inatheiaatical games , greater 
ixsvolvement of children in the learning process, and a liberal dose 
of demonstration, teaching • - 

Science in ch^ elementary school, uislike math, is in practice 
an optional subject^ It is:listed as part of the curricultim and 
awarded much lip Siervice for its value as an intellectual discipline 
and for its -own content. Very few teachers are evaixiated on their 
competenee in teaching science to elementary children^ however. A 
boost was given in the wake .of Sfiutnik, first through public demand, 
then^ through passage of -NDEA with its provisions for science equip- 
ment, and fioally through the advent of NSF-supporced course content 
materials for elementary science. t. ^ , 

When NSF was first approached on funding projects in elementary 
science it was very reluctant to dip so' far back in the educational 
pipeline . The persuasive argtiment in the end was the undeniable 
power of . good scj^nce teaching to encourage elementary school child- 
ren and of "p^r teaching to cause negative attitudes. With positive 
attitudes t^ard Science the goal as science literacy became an NSF 
objective, toid ^vJlth belated recognitionjthat^he pipeline to an ade- 
quate supplyof ^creative sci^^ti^t^-^cCTids back to the early stages 
of education, the Nati^esdT'Science Board authorized the staff to 
fund science curriculum development for the full range of the ele- 
mentary grades-. . . . 

Beginning with the early 196Qs, several majar projects have 
appeared, each with a different rationale so that schools now have 
genuine . choices among modem science curricula that do not depend 
on the traditional text series. The new science programs are cen-- 
tered around children^ s experience with skillfully devised units 
that depend on sissplc siateriais designed for the units. The programs 
differ in the ataount of structure or types of structure inherent, in 
their organization, as well as specific content, yet all are adsar- 
ably suited to the age level without sacrificing content and process 
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objectives. Under proper conditions all the new prograics showv grati- 
fying^results with st;^ents. The conditions, however, include 
approf>riate^ teacher 'orientation in content and teaching technique. 

In-service teacher orientation to these science projects has been 
^-enonnous nndertalcing. Much has been done entirely at local expense, 
,T^rhaps at least as much through shared expense of local school 
^stem and NSF support under^ the Cooperative Colie^^e-School Science 
rogram <CCSS).. The latter program was designed tfa help make school 
cisterns self-sufficient with respect to their teacher training obliga- 
-tJocLS foir the new, inquiry-^^siented science prograns. implementation 
of these materials is a sef6ous problem for elementary schools. Science 
backgrounds of teachers are usually quite meagre. The teaching of 
elementary science has long been dominated by almost exclusive iise of 
text books ,^ with a minor proportion of time for textbook-dictated ^ 
demons t^ation "experiments.'* To break this pattern schools had to 
establish thexT own capability to implement modern currictila and train V 
'their teachers. Having chosen the program most suited to its needs, I 
the school system ^ould approach NSF through an alliance with a neigh- 
boring college or university, proposing a plan that would ensure its 
continuing ability to use modem curricula. This was the. design, of 
NSiF's cess program from. 1965 to 1975, when it was terminated at 
congressional insistence. 

NSF aid to elementary education, aside from the curriculum mater- 
ials themselves, T^as accom:.»lished principally through the CCSS program. 
Trom 1959 to 1966 NS? supported subject matter institutes for key 
persons in elementary Schools, but the funding was low and the impact 
on well over a^millicn elementary teachers was miniscule. The design 
of CCSS was such that many thousands could be reached each year by a 
modest investment of NS? funds ^' hopefully to be spread in widening 
circles in subsequent years. CCSS was not confined to the elementary 
level, and similar designs applied to junior and senior high school 
system improvements. 

' OFFICE OF EDUCATION ACTIVmES 
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The Office of Education (OE) was at ftrsr bypassed by curriculum 
reformers in the drive to improve science, and math in the schools. 
With Sputnik, however, the profession^ 'educators and the congres-^ 
sional' committees overseeing prograras and budgets of OE wanted a piece 
o£ the action. The Nat rbnal Defense Education Act of 1958 (NDEA) sig- 
nificantly expanded the role and influence of OE^ Most visibly, NDEA 
provided for purchase of "Science teaching equipment by schools through 
formula allocations to the states and, via- the" state education agencies, 
tc individual schobl districts and schools. The effects of this new 
equipment on local schools were decidedly varied. Where competent 
persons wer^ given responsibility both for designing the curriculum 
aad selecting the instructional materials ^o aid in teaching, the 
accoi^lishmencs met objectives — provided, of course, that the teachers 
were capable of handling the equipment and curriculum content. There 
were some abuses, and instances of equipment lying in storerooms 
because the current teaching staff was hot using it, for good or bad 
reasons. ifnfortunatelv>r this seems to be a n-atural outgrowth of 
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"trickle down" allocations, if only because many officials dislike 
refusing an -offer of funds ^ven if they ,do T^ot know how to spend them 
or even how to find competeiit help in using them constructively. 
Howeveif, the horror stories should not be used to smear this program, 
as witw all such tales, they grow in the repeating, usually starting 
from a relatively few flagrant cases. 

/ ^ * ^ The science lab and/or demonstration materials purchased under 

\ ^ ' NDEA, as well, as audio-visual eqixipment purchased more general 
\ use in the schools, have served an important teaching f-.mction. 

Schlessinger and Howe foimd that, as late as 1968-70, 69 percent of 
the .schools in their high school sample had used KDEA' funds for this 
purpose in those years, and 15 percent had used NDEA funds for remodel- 
ing, science facilities (Schlessinger, et al., 1973, pp. 19-20). 
Similar percentages are reported for elementary schools in a parallel 
study at Ohio State University ^(Steiner, eX al* , 1974) . 

Another contribution of NDEA was thjer strengthening of state educa- 
tion agencies. .NDEA funding helped to staff sci^ce- specialists in " 
the* state'^ agencies for a variety of functions x^hich also attracted 
state funds as well. With the addition of science specialists, stan- - 
dards within the states became better drawn and* enforced. This has not 
always been without strain for some of the local jurisdictions but, on 
balance, the move has been quite beneficial. 

In 1964 OE established what is now called the Educational Resources 
Information Center (ERIC) in its Bureau of Research. With the estab- 
lishment of the National Institute of Education (NIE) , ERIC eventually 
was removed from OE and housed in^NIE. ERIC placed one bf its most 
successful subject matter centers, the Science, Mathematics, and 
Environmental Education Information Analysis Center, at Ohio State 
University. ERIC/SMEAC, as it is known, has become a very useful con- 
tributor in the spread of information on research and developments in ^ 
science education, sjmttiesizing fiTCidings on- selected topics, and as a 
center for communication in the field. For example, the two science 
teaching studies on elementary and secondary schools" in 1970-71 were 
performed under ERIC auspieces. The Center is a valuable asset. 

I The Elementary and Secondary Education Act of 1965 .(ESEA) marked ^ 
another turning point in the country's acceptance^of the federal role 
ifn education. The Office of Education was given a gentiine opportunity 
to affect educatj^onal policy. Title I carried the largest funding, to 
lielp overcome educational disadvantage as part of the Johnson adminis- 
tration's 'Var on Poverty." Title iri ^authorized supplementary educa-r 
tional centers for local school districts or regional coalitions, with 
funding based on merit and subject to open competition. Funding by 
merit instead o^ formula allocation was said to be due to NSF influ- 
ence. Foi^ the brief period that national competition was permitted, 
some' real creativity appeared in locally devised projects to improve 
education. The strain of political pressure was apparently too much 
for Title III, and it was returned to the states Jiith formula alloca- 
tioTiS and^ influence of state political machines. Both Title I and, 
e^-^pecially. Title III had some interesting science, and math projects 
that had at least a brief impact on their districts. 
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The Office of Education, xxnder the Cooperative Research Act, began , 
in 196A to create Research and Development Centers at universities 
across the <!ountry. These were' augmented by. the Regional Education 
Laboratories .that Congress authorized ; under an amendnent. to the Cooper- 
ative Research Act which was part of ESEA. Both types of institutions 
were, created to perform in a long-neglected field, educational research' 
ai^ development (R&D). Math and science received considerabl^^ten- 
tlon in these Hew institutions. One ^example is the individu^liz^ed 
approach to school leaznciing known aSj^^iindividually Prescribed Ii^tniction 
(IPI) . Other curriculum, and te'chnolbgical approaches origitiatdng in 
such centers have also gained wide usage. Coii55uter-ass is ted/inst ruc- 
tion in all its ^aspects received a large boost from ESEA and Coopera- 
tive Research funding. (NSF also staked out an interest in the 
applications of conrouters to learning! which is sjtill going on. The 
two agencies have at times collaborated in this.).^ ^ / 

Of interest is the acceptance the NSF models^ fo^teacher 
institutes funded by ESEA (and also' by NDEA) in. several disciplines.; 
^Al though a small number of these ;were in math or ^cienc^ the 
largest proportion were ' in other-^ disciplines • / Major curriculum 
projects, also were given a start under ESEA (although the 'Office of 
Education earlier had initiated curriculxm projects in English, social 
stijdies and foreign languages" within its general appropriation, at the 
beginning of the Kennedy administratidn) . ^ Adaptations of the NSF 
mod'els were applied here. Several projects started by OE were trans- 
ferred to NSF in their latter phases: Itarvard Project Physics (HPP) , 
Intermediate Science Curriculum Study (ISCS), and Conceptually 
Oriented Program in Elementary Science (COPES). . 

During the ESEA era, and the earlier NDEA years as well, OE and 
NSF staff remained in close touch to coordinate activities. Shared 
ftmding occurred in several 'important projects. Information- was 
freely exchanged and staff members attended the other agency* s 
meetings. At another level, the top executives of both agencies 
served on the Federal Interagency. Committee on Education (FICE) for 
policy coordination.'. Considering the scope of the programs and 
pressures on working staff, the coordination between agencies was 
effective in channeling funds. 

Still another effect of the NDEA-ESEA era was marshaling of 
federal moneys so as to create a new capability in a school system. 
Philadelphia's public schools, for example, used funds from Of f ice 
of Education allocations to invest in equipment and planning in such - 
a. superior manner that they attracted' NSF funding into colleges and 
universities of the region. In this way, through locally oriented 
teacher institutes and particularly throu^ NSF's Cooperative College- 
School Science Program (CCSS) large numbers of teachers in the 
Philadelphia system received specialized science or math ■ training 
and helped to implement the school system's choices of new and 
improved curricula in ^. their classrooms. Other school systems, large 
and small, reacted in similar fashion to create a positive movement 
of science upgrading. Without the federal programs it is doubtful 
-if most of these plans would have crystallized. 
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As. part of a national effort to improve academic performance, NDEA 
and ESEA. helped to strengthen science in the schools. These OE pro- 
grans helped to affect national attitudes . toward the schools and aca- 
demic achievement, including that in science and math, even though many 
of the entitlements were in_ the non-science areas, as is so often the 
case, ftmds beget funds. Na:tion'al policy extended beyond speechmaking 
and Impacted- sthools directly with dollars' they could use within their 
own discretion for specified purposes. Perhaps .one cannot draw a caxise 
and effect analogy, but during t*iese times local school appropriations 
•and teacher salaries began their long overdue rises . 

BACKLASH 



During the late 1960s and early 1970s a gathering storm took shape. 
First, the institutes for teachers fell under heavy fire. Officials in 
the Bureau of the Budget, now Of f ice of Manageinent and Budget, had an 
often-exjiressed dislike for programs thaJt were self-sustaining, whereby 
large numbers of people could be justified, every year to receive the 
same benefits. ' Teacher institutes became the epitome of a program 
without' end, drawing money from the federal treasury for an ever- 
renewing body of teachers. Their thinking reflected a desire for pro- 
grams that would be problem-oriented, wi-th a quick fix and an end to 
the program. As. the Nixon administration took hold of the government, 
anathema for institutes became administration doctrine.- However, 
Congress insisted on institutes being retained in the form they had 
started. The NSF top executive level, and the National Science Board, 
had no stomach^ for this fight; teacher institutes were a barely 
tolerated stepchild for them. - A classic tug of war developed. 

NSF 's education staff attempted to bolster the pre-college program 
by expanding its Cooperative College-School Science Program (CCSS) , 
^ich had an attraction to a pragmatic administration in stressing 
teacher training for implementation\and a built-in development of local 
capability for conti^iuance. For budgetary reasons, the expansion of 
CCSS was to come from" some of the institute funds, with the intention 
of realigning the education program iiNa, ^'balanced" fashion ,between 
teacher improvement per se and orientatidiT^for implei^entation. Con- 
gress rejected this approach if it involved reduction of institutes. 
The Nixon administration then found other toolis, including impoundment 
of fxmds appropriated by Congress. This. precipitated a constitutional 
crisis, since the same practice was being applied to a wide variety of 
congressionally-initiated programs all over the government. Congress 
weakened on many fronts for a while. One result was a jyrogressive 
squeezing of institutes appropriations downward. A last desperate 
accommodation was made by NSF to turn institutes into implementation 
projects, with a hope of preserving the concept and riding out the 
storm. " Institutes, however, apparently died with the FY 1973 btidget. 

More disasters loomed for the pre-college set of programs. A 
controversy welled up over the content of the fifth grade social 
studies course developed with the . help of NSF funds, Man; A Course 
of Study . This escalated' into an assault in Congress against all 

goverhment-'supported curriculum development. Some long-standing 
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veaknesscs in. NSF*s control of curriculum development were revealed, * 
and some wild, even scurrilous, charges that later proved false were 
circulated. Congress put extreme pressure on the Foundation to 
change the process. Emasculation of curriculum development was the 
result. ..The program was 'politically tarnished, 

Sudd^ily, NSF's .outstanding innovations in pire-college- science 
iii5>rovCTBBnt, institutes and curriculum development, went into eclipse. 
Ihe final blow landed in 1975 with rejection by Congress of the imple- 
mentation concept. Federal support for iii5)lementation of science 
curricula, whether .or not they were federally funded projects and 
notwithstanding the fact that the projects selected were the choices 
of the schools themselves, raised the specter^fv^ federal control. As 
long as teacher institutes ^-existed ^wi^h--ehe CCSS program, there 
was no .real objection, but when implementation- stood alone as the only 
justification permitted by the administration for teacher instruction, 
it was too much. Confined with the cloud over all course development, 
the l.ast vestige of NSF's pre-college science improvement program was 
ended. To signal the end, NSF reorganized its Division of Pre-College 
Education in Science out of existence. 

An excellent history of the origins, growth, maintenance, and 
apparent demise of pre-college education in NSF will be found in a 
congressional report (U.S. Congress, House, 1976). Before writing^ 
finis to 2p-plus years of NSF involvement, however, we must note that 
Congres3 is resolved to have the last word. As will be seen below, 
an institute-like program has re-emerged. 

NSF AND THE CURREOT STATE OF SCIENCE EDQCATION 

Reflecting on the influence of NSF programs for science education 
it is necessary to lump the entire ^effort rather than trace each pro- 
gram's individual impact. Curriculum, improvement took place in both 
the curriculum development efforts and through teacher education. • 
Teacher improvement was a complex function of institutes, • new course 
content, and implementation efforts. The supportive feelings of 
public and local governments helped crestte an atmosphere for accep- 
tance of the new programs, and the new programs helped create a 
supportive feelings because they made sense at those times. 

. . It is instructive to stroll through the exhibit areas at a 
National Science Teachers Association meeting, browsing among the 
book and laboratory e^qtiipment displays. VJh ether in original form ^ 
or in an evolved state, books and ioaterials are now dominated by the 
:NSF-supported curricula that were successfully spread. through teacher 
improvement techniques and the efforts of private enterprise. For 
example, competition has introduced modifications of the once- 
innovative materials of the elementary science projects. Price 
competition is jlso featured. 

The texts on display are unmistakably of a new generation. At 
the hi^ school level one finds the texts written by the project 
teams but by now in their second or third revisions. Publishers 
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not possessing these texts; have their own, often with preface acknow- 
ledgments in the projects but with topics and treatments clearly 
showing project influence. Menfcers of the original projects have 
authored, or heavily contributed to, new departures ' that use the 
project approach An part biit modify it in light of classroom exper- 
ience with the materials. This phenomenon appears in all' fields: 
physics, earth science, chemistry, biology, and the junior higji 
levels ; ^ 

V. Moit fascinating ,is the change in elementary t^ts and materials.* 
Not only are the NSF-supported projects very prominently displayed, 
but their derivatives and offshoots are now appearinjg. Responding 
to some deinands, for hard covered texts in place of sole reliimce on 
the teacher-centered materials featured by the projects, a number of 
publishers have in part put the projects in book^form^ This is not 
entirely possible; ^o. the adaptations have been ingenioxis; however, 
at times these radical changes have not been true to the original 
intent of the material. There are both advantages and disadvantages 
to those newer texts, and they are worth close inspection. When 
properly tised in the classroom, this approach may become a true merger 
of materials-centered inquiry and textual structure. 

The recent elementary texts show many familiar units extracted 
from one or more of the best-known curriculum projects, with sugges- 
tions on their use in the new context. Not all the content is 
borrowed, however. In at least a couple of cases publishers have 
given creative text authors freedom to organize the science text 
series around units and materials not obviously derived from the 
projects, but very much, in their spirit. The promi-ses and possible 
drawbacks of the new elementary science texts have been discussed 
elsewhere. . . 

The publishing industry seems to have accepted the changes . 
associated with NSF intervention, after a few fearful years of 
opposition and an unsettling realignment of resources so as to 
include more than printing of hard covered texts among instructional 
materials.. ^ A review of the publishing industry's relationship with 
NSF and other goVemment agencies has been made as part, of NSF 'sin- 
house, review of its curriculum development "efforts. The conclusion 
of the study states: "To stimmarize, the federally-funded research and 
development that was launched in 1958 with many misgivings on the 
part of many educational publishers has now become an integral part 
of the el-hi publishing process" (National Science Foundation, 1975, 
p. 167). Among the important points made, is that ' one of the major 
aims of federally- funded curriculum efforts has been stimulation of 
creative commercially- funded materials as competition. 

That curriculum materials now appear different is obvious. The 
leadership of science education is also _ very different from the 
previous generation of the 1950s. In one way or another, today's 
leaders in local' school systems, state agencies, college or univer- 
..sity science and science education departments share a. common 
experience of involvement with the^NSF education improvement grants. 
The great majority of state and local science supervisors have had 
at least some contact with NSF-supported institutes or conferences. 



While no physical count has been taken, it would appear from partial- 
surveys that a large nuniber of these leaders are graduates of NSF- 
supported academic year or sequential summer institutes. Science 
educators in colleges and universities have inevitably been deeply • 
Involved, either in the direction of institutes and other projects, 
teachli^ staff in such projects, or as former participants. It is 
gratl^ing to identify the many former high school teachers who 
attended institutes, strengthened their ties with higher education 
and eventually became senior members- o£ college and university 
science education staffs. A large nunJjer of institute and CGSS ^ 
directors have had such a history. " Moreover, service- of teachers 
and supervisors from the elementary and secondary schools as insti- 
tute or cess staff members has been widespread. Thousands of ' 
science educators from all levels of education have served as con- 
sultants to the Foundation in evaluation -panels during proposal 
re-^ew time. 

The shared experiences, the inntmjerable contacts between NSF 
and the community of science educators, the influencing of N'SF 
policies and practices that resulted from all these exchanges may 
be summarized as both the end product and the process of the 
federal impact on science education. 
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' INDIVIDUAL OPPOKTUNITIES TO PAKTICIPATE 
• IN FEDERALLY FUNDED PROGRAMS C1978D 

In the past, members of the science teaching profession have had 
excellent access to NSF-suppc^tted activities by virtue of the large 
numbers of "stipend" vacancies .in institutes and a variety of other 
conferences. Opportunities began to diminish after 1972, almost 
reaching a vanishing point in 1976. Congress reversed this trend 
by mandating NSF to spend in FY 1977 and 1978 fun<is. for a Pre- 
College Teacher Development in Science Program (PTDS) . With this 
move. Congress reasserted its initiative in forcing NSF to retain 
a position in pre-college education, and it .showed ^gain its belief 
in the value of stibject matter training for. teachers at both ele- 
mentary and secondary levels. 

<■ • 

In announcing the first wave of grants NSF*s press release of 
July 11, 1977 states: ; 

The primary objective of the PTDS program is to provide 
pre-college teachers with opportunities to participate in 
seminars and workshops designed to improve their subject- 
matter knowledge of science and to enable them* to develop 
a continuing association with university scientists. The 
seminars and workshops will generally take place on a 
part-time basis during the 1977-78 academic year or on a 
full-time basis for one to four weeks during Summer, 1978. 

Ground rules for attendance at these projects are somewhat 
different from those of the old institutes.. Once a teacher partici- 
pates, he must wait three years before being eligible to participate 
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again. The content tends to be important topics of ctirreint .interest 
that vill benefit teachers in carrying out their classroom responsi-^ 
bllities. rather than college-catalog types of courses. Projects will 
not devore time to the problems of implementing a specific curriculum 
pro j art. Ti^ile expenses" for commuter travel during the s(*hool year^ 
may be reimbursed, for the summer projects (aside from travel , 
expenses) a ^rticipant may receive only a portion of actual subsis- 
tence expenses^ if he or she is housed away from home. This may be 
supplemented, however, by the school.. 

For the first year, slightly less than half the projects take 
place only during the school year; operating in the saine fashion as 
did the old in-service institutes. \About one- fourth operate cnly 
during the summer, and the remaining fourth have both summer^id^^ 
school-year components* Sumner projects permit application trov^a 
broader geographic region than do the commuting school-year projects. 
There must be sound reason for the project to operate in the stimmer, 
howeverj such as a sinaller target group within, a limited commuting 
arjaa <e.g., chemistry or physics teachers as opposed to elementary 
school teachers) or content of such nature that it requires intensive 

study within a concentrated period of time. A directory of sximmer 
opportu^ties will be distributed in the spring of 1978. 

Of the 187 awards for the first year, about 60 percent were 
directed to the natural sciences, either in a single discipline or 
a mix that might include true interdisciplinary approaches. The 
remaining projects were in math or social sciences. A few encourage 
mixes of secondary school teachers from both natural and social 
sciences, or the social/natural sciences and math. 

Unlike the old institutes, there is a conscious effort to involve 
elementary school teachers in PTDS. Of the projects in natural 
science, one-fifth are exclxfeively for elementary teachers and 
another fifth are designed for them plus middle school or junior high 
teachers. In fact, only' about one- third aimed delusively at teachers 
in senior >i^ schools, with the remaining projects accommodating all 
secondary grade level teachers. 

For grants annoxinced in 1977, covering the 1977-78 school year 
and the summer of 1978, $4,710,000 was available, enough to fund 187 
grants* About 11,000 participants can thus be included. Recent 
congressional appropriation^ will make $6 million available to the 
program in 1978, which should fund about 238 projects for 14,000 ^ 
participants. 

The probability of continued, if modest, :^owth, for this program 
is good, provided evaluation supports the program and politics permit 
it. Let not the science educator or teacher rest complacently, how- 
ever. Every federal program must justify itself annually* It is 
the reader's responsibility to support this program politically with 
NSF, the current administration, and Congress, if he believes ;i:n it. 
The history of the early 1970s should not be forgotten, and educators 
involved with pre-college education must not assume that they have 
enduring friends in high places. 
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Another NSP program for science educators is. Information Dissem- 
ination for Science Education. This,^ is intended to let the educa- 
tional community know important details about new and alternative 
instructional materials and practices^ Target audiences are educa- 
tion decision-makers such as principals, supervisors, teacher- 
leaders, school board members, and representatives of parent groups. 
Although most of the openings will be forxsubject matter specialists, 
the program will not train teachers or proA^de technical assistance 
in iiiq>lementing specific materials or pract^es. In a nutshell, the 
program is designed to help those responsible, for decisions to make 
more informed choices. . \ 

About 2,000 openings will be available in the 17 projects ' 
announced for 1977-78 and the summer of 1978, funded by an alloca- 
tion of $400,000. However, $800,000 will be alloc^ated in FY 1978, 
with approximately double the ntmiber of grants and individual op^ 
in^. Projects are local or regional in nature, desdLgned for a 
specified geographic area. - They may take plac^a at anj^ convenient 
times during the calendar year. Publicity will be circnilated by 
the grantees in their target regions. Expenses for traWl and for 
subsistence in the case of residential projects may be allowed, but 
school districts are encouraged to offset these as much a^s possible. 
All pre-college disciplines in the natural, social and mathematical 
sciences are included. 

Science educators teaching in community colleges, four-year 
colleges, and universities are eligible to participate in NSF- 
supported Chautauqua-type Short Courses. These are discipline- 
oriented sessions meeting for two days in the fall and two days 
in the spring, with provisions for participants to work on indi- 
vidual projects related to the course between sessions. Scholars 
at the frontiers of their disciplines communicate recent advances 
in their fields directly to the college instructors so that these 
±n turn may keep their teaching current. 

During the year 1977-78 Chautauqua Courses will be offered in 
15 field centers scattered across the country, with 52 courses and 
3,400 openings available. The usual broad range of scientific 
disciplines is covered. About $1 million is budgeted for this 
program,, both in FY. 1977 and FY 1978. Participants bear the cost of 
transportation, meals, and incidental expenses, but NSF funds pro-r 
vide at least partial costs of room rent and instructional materials. 
The American Association for the Advancement of Science (AAAS) is 
responsible for selection of topics and instructional staff, and 
AAAS has corralled a collection bf outstanding figures for these 
courses. One may obtain information about course dates and loca- 
tions from any of the 15 fields centers. 

The College Science Faculty Professional Development Program is 
a small but helpful NSF program. It enables college science faculty 
members to undertake activities that will enhance their effective- 
ness as science teachers through an affiliation of from 3 to 12 
-months with an academic or, non-academic. institution. Participants 
may receive their normal salaries for the period of the award. In 
FY 1977 NSF made 119 awards, for a total of about $2.1 million, one 
for every ^ten applicants. A similar amount will be available in 

FY 1978. * . . " 
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Those Who wish to submit proposals to operate teacher development 
projects should obtain the current annual announcement from NSF to 
ensure accurate information on eligibility requirements, specific 
pro«ram objectives (which can change in large or small degree from 
ye^ to year), proposal deadline dates, and anticipated grant announce- 
ment dates. Programs. listed above generally will have grant announce- 
ments in the spring of each year, unless they change. As an example of 
shifts in program emphasis, for Prc-College Teacher Development in 
FY 1978, Congress has expressed a wish that: " — the Foundation — use 
not less than '25 percent of the funds available to train teachers in 
methods to encourage students to explore- the interaction between 
science and society." - - . 

The Fomdation^has also started to announce on a regular basis 
its program for Research and Development in Science Education. Some 
of the money will~go 'to pre-college education. There are, however, 
many boundary conditions on funding, and generalizations this year 
can be rapidly overturned in the near future. , 



A NOTE OF CAITFION 

A reservation is hereby entered on the practices for in-service 
education of elementary school teachers apparently mandated in NSF s 
new Pre-College Teacher Development in Science Program (PTDS) . As 
PTDS seems to be heading, the elementary teacher enrolled in one of 
these granfs will be studying the subject matter of physical science, 
life science, earth science, or environmental science (or some confc:. 
ation). The object is to give the teacher enough background so that 
he or she can teach a more substantive course and hopefully a more 
interesting one. Every elementary school's curriculum guide includes 
content from all of these sciences, however. If the teacher is to 
mderstand the background of the subjects called f or ^n the curriculum, 
then he needs education in all these fields, presumably having omitted 
them as an» undergraduate. That, however, requires a schedule involv- 
ing three or probably four calendar years for a fully employed adult 
to acquire a smattering of knowledge in after-school instruction for 
the major disciplines. Aside -from .the barrier against participating 
more than once in four years, how many elementary teachers will face 
up to such a schedule? Is this proportional to the pressures on them 
to teach reading, and hopefully math? How will the subject matter 
newly acquired be useful to the teacher when attempting to apply it 
in the classroom? Will it correlate at all with the ^science curri- 
culum specified in the school and with the science equipment available 
in the school? \ 

\jqU. intcntioned as it is. The PTDS model of subject matter train- 
ing for teachers is derived from the secondary school teacher's 
responsibilities. It is not geared to the elementary teacher, whose 
responsibilities and talents are quite different. Moreover, an appro- 
priate model for in-service training for science in the elementary 
sdiool is not the same as one for math, and social science may differ 
from both. . NSF fehould think this through again but take care that- 
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consultants called upon represent the targeted population—elementary 
science, specialists and classroom teachers—and not the people who 
normally apply for grants to teach them. Similar but entirely separate 
consultations should be held for elementary math and social science/ 
social studies. 

In this observer* s opinion, elementary teachers need a great deal 
of help in teaching science, no matter what the <:urriculum in their 
schools. .Hopefully an effect of NSF activity will be for schools to 
select and maintain one of the substantive, modem, activity-centered 
science curricula rather than the text-reading sciea^e clirricula. 
Regardless of that, however, it is the schools that have the responsi- 
bility for choosing their curricula and making them work. What the 
teachers need is enough content on the topics covered, .plus -much 
demonstration and practice in how to conduct the science class act i- 
vitiesj so that they can do a decent job of getting across the existing 
(or newly selected) school curriculum. Ideally, if they knew far more 
about the topics covered and those omitted, they could construct their 
own course and suitable labs — ^which probably would be totally uncoordi- 
nated and non-sequential for the six grades. A tiny fraction of the 
teacher population will respond to the siibject-matter, treatment, but 
the enormous mass will be left untouched. Experience shows that ele- . 
"mentary teachers are eager to learn to do their jobs, but cannot be 
thrown in over their heads. 

The present guidelines seem to encourage the colleges and universi 
ties that obtain grants in elementary science to prescribe the content 
for "the schools served. Ic does not have to operate in that way, "but 
without adequate safeguards for school system input into the design 
of the content and objectives of teacher instruction, plus school 
collaboration in selection of teachers, the. possibility of operating 
at cross purposes is not negligible. 

Congress* legislative intent is seen by NSF to lie behind this 
treatment of elementary school science teaching. The Fomdation has 
a responsibility to ascertain, without bias, which of their elementary 
science grants are most likely to result in visible increments of 
improvement in classroom science as the schools are actually consti- 
tuted rather than against an ideal that is not attainable. Careful 
selection of field observers from among professionals with- a profound 
working knowledge of current teaching problems within elementary 
schools is essential. The same kinds of field studies are needed in 
elementary math and social science. 

With results in hand, NSF can then tailor its elementary phase ^ 
of the PTDS to realistic approaches toward improvement of the targeted 
elementary subjects. If necessary, the Foundation must, petition 
Congress for clarification of its expressed intent so that the essen- 
tial differences between bip;h school, elementary school, and probably 
junior high school teaching can be recognized without putting. all into 
a framework that is most easily suited to the senior high school. 
Judiciously applied assistance from the science education comntunxty 
is tmdoubtedly called for. 
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Albert !4edvitz arA Tletet'ner ifcxtson use nodels of social influ- 
ence and professional ocauvaticns to e=z!lore t^ke effects of 
professional associations on science education, Tney present 
science education as a Jtybrid occurati<>n ::r.d ^natuzc the science ' 
and sducaticn z:'arentB as as tke scicyice eauoatzan ojjsprzng. 

Because of the com^prcrtise of the "profession.-' " science coriponent 
and relative L^eakr^ss of the "semi-professior^Z" educat'^n componem, 
the effects of vrcfefisioncl associations on science eaucat^n are 
moderated by ochupztion strain. They offer sucgestions for juture 
action. 



THE INFLUENCE OF ?ROFESSIO\-,\L 
ASSOCIATION'S ON SCIENQE TEACHING 

Albert G. Jfedvltz and Fletcher G. «'atson 
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A d-'ve'-s^ty of professional asso*s.iatlons influences science 
teachers %a"at lease" tvo Ic^-els. One level is that of direct personal 
influence through acquaintanceship, ad=iratioa, and role aodeling. 
The other level Is orsar.iratimal: each professional association acts 
as the collective zz^nz for z purpose shared by the s^ershi?. / 
Exacsplcs of this second level vould be encouraging arid offering 
institutes for in-ser\dce teachers, or becoming :-avolved in a course 
deveTopsient project intended for v-idc usage, or estabiishins criteria 
• of training. Our brief revic- of the direct infl uence ^f . associations 
lays the foundation for the subseo.uent discussion of the less direct, 
but Tsore inportar.t, orsanizational aechanisas of influence. ::ote at 
the start that the second level or influence is imersed in .and 
effective through politicaJ. action. 

Professional associations, bc:h scientific end, educational, influ- 
ence science teachers directly throu-^,h publications and conferences. 
These are the r^jor =cans vhich che association uses to conmnicate 
vith it-s r^esbcrs' about science, its teaching, and the develcp=e;^t of 
teachers. Also, publications and conferences provide opportunities 
for che chosen leaders of th-- grou? to '"sense the pulse" of the body 
politic so that asscciaticnal efforts vill be based on wide support 
■of the ccnbership. Gince science teachers n^y attend the- aieetings 
or read association journals, they can be influenced directly by the. 
pyblic ass oc ia ti or.? 1 activities, , . 

■While superfi ially rest of the actions of associations appear 
to be concerned ,h particular kno-.-ledge of or about science, that 
■which is discusser' in the aedia of chesc associations also carries 
'-- ether clear but i .=?lic.t sessa?,es. Tncse nsssnges ::rc. about v.- lues, 

appropriate nonaativc beh.r-ior, and the role of science anc euucation 
la the-4>olitical and social structure of the soc iety. ?rotesss.onal 
associations at tc=?r to ccnt.nuously scculturatc teachers to the no 
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and cxpcccatioas of scientists, proraulgate notions of what is impv.r- 
tant to teach, and continually inform teachers of their plac* in the 
scientific coiacmnity. These associations attetqpt to exercise social 
influence on the way teachers act and use their .knowledge of science. 

Studies in social influence (for example those by Keiman (1961), 
Asch (1940), Milgran (1974), etc.) indicate that influence is an 
lntera<:tive process. The ^extent and direction of the interactions 
depend upon the characteristics of the two groups or parties^ involved 
in^thc Interactfon. Some of the important characteristicsr- are. 
perceived authority (Milgram, 1940, pp. 1-12; Keiman and Hovland, 
1953), relative status (Hollaijder ard Willis, 1967),* control o,f^ 
important rewards or sanctions (Kelmaxi, 1961; Schein, 1971), ^d 
extent of agreement in a group (Asch, 1958). Also, the degree to 
which interactive messages are received depends upon the previously 
held values, beliefs, self-imagery, etc., of the receiver. We believe 
that these attributes, isolated from studies of the interactions of 
individuals, apply also to the interactions between groups or asso- 
ciations — which are necessarily represented by individuals. As an 
example of these proposed generalizations, consider one^s approach 
and likely behavior if a stranger were int;rod^ed as a Nobel laureate 
or as a beginning lab technici^r.^ Similarly, consider representatives 
of the AETS approaching the N'ational Academy of Science or the local 
PTA- 

' Within the science education coaa nun ity are many receivers of 
infill r^ce who have a diversity of roles and careers. Among the sub— 
grou ;s iire elementary, and secondary school teachers, college and 
urdversir- teachers, curriculum coordinators and supervisors, and 
science teacher trainers and researchers • While -they -differ at the 
species level, we shall consider them as essentially one family- 
The question becomes: what characteristics of this group are 
relevant to an increased understanding of their being influenced 
b^' professional associations? 

Initially ve'must recogniie that ec . individual within, any 
cefinod group is sir:ulraneousl> a member of many other groups: home, 
social, religious, political, and educational* Also, each inaividual 
has his or her own persor^al history of experience, knowledge, values 
and beliefs. With this diversity, vhat shared attributes will cause 
members of the science education community to resonate with messages 
from professional associations? To wTiat are they comsioniy atune? 

^ Like JiSinus, scienc : teachers are necessarily two-f aced^with one 
^ace towards the sciences and the other tova^ds the schools', students 
and educational systems. The maintenance of such dual allegiancies 
generates tensions, seedtimes creative and sometimes not. Commonly, 
as Cooley (1963) has pointed out, entry into science teaching^,, 
educational research, and teacher training comes after- an extended 
prior of training and career orientation towards the sciences them- 
selves. During this period, teachers and their mentors have undergone 
, extensive so-ialitation ar.d acculturation into the- idealized norms of 
science and the scientific community: teachers are encouraged to 
forx5 a lasting allegiance to the non-political, impersonal, objective, 
and often private search fcr scientific knowledge for its ora sake. 



/They are steeped in the mythology and ideology of science and develop 
^ an awareness of the past and present herpes and of the general status 
distinctions within the scientific conmunity. Sometimes, for any 
number of reasons, the individual concludes that the life of science 
is not personally appropriate and moves into the school as a science 
\ teacher. 

.As Edgar Schein (no tiate) had noted, during a period of accultura- 
tion and socialization such as that just described, an individual v 
develops a concept of him or herself in an occupation , Schein calls \ 
this self concept an "intemal'""'t»r:e^r. " It is complete with occupa- U 
' tional goals, anticipated steps necessary tO/achieve those goals, / 
notions of the times when various steps are to be taken, imagery of | 
behavior at various career stages, etc.-. The internal ^<^reer is dis- 
tinguished from the "external car e^r"*^ in that the external career is - 
the individual's occupational beJ:tavior and position 'in society » It ^ . 
consists of actual decisions ^made, positions held, and socially possi- • 
ble future steps towards socially recognized occupational positions. 
During the course of aa- individual's life there is a constant interplay 
between internal and -external careers. It is not uncommon that personal 
preferences in worJc' evolve and change over time and generate a work 
change. Nor is it xmcommon that social and economic conditions force 
career choices not in keeping with individual expectations or wants^ 
In these instances where internal and external career no longer match, 
the individual must change his or her internal career or persist in a. 
state of dissatisfaction with work. We note some of the problems of 
transition for those who leave the world of ^"science" for the world 
of "science teacher." 

From the primarily thing and knowledge-oriented, non-political 
world of science the individual enters the interpersonal, client- 
oriented, and to some degr^ custodial world of schooling. Here 
work does not occur in the privacy of the laboratory or with ordered 
debate in academic settings, but rather in the highly social and 
political arena of schools,^ parents, and the public. To some degree 
the transition is eased by public pronouncements by members in th^ 
scientific community g(n the high importance of science teaching by 
which the next generatrion of scientists is brought along, Weller's 
(1965) study of the role orientation of science teachers supports 
this description* 

Science teachers often see. themselves as the^representatives of 
the scientific community iri the classroom and indeed are encouraged 
to do so by that community and the professional association-^ of 
science education. This has been particularly true in recent years 
when science education received considerable attention. The NSF 
encouraged the image of "the scientist teaching." ^ Also, the recent 
AAAS booklet Scientific Freedom and Responsibility (Edsall, 1975) 
explicitly includes .secondary school science teachers within the 
scientific coirmunity. 

The teacher *s strong identification with the scientific community 
rather than to the educational community (made most symbolic by the 
recent total separation of NSTA from the NEA) is accentuated^bv the 
ambiguous professionar^^ttirtus of teachers in general. * 



• The occupational-problems and professional limits of teaching 
have been discussed elsewhere [Brenton (1970); Goode (1969); Fried- 
son (1973); Lortic (1975); Marcus (1973); Stub (1968); Gross (1960); 
Waller (1932); Lieberman (1956); Musgrave (1972); Wilensky (1964); 
and others.] In general, these discussions contend that teachers 
lack the extensive knowledge-base, career lines, and normative char- 
acteristics to realistically make the same claim for professional 
recognition and status that is accredited to, for example, attorneys 
and physicians. However, in some ways teaching as an occupation does 
bear some resemblances to other professions. Teachers do have auto- 
nomy in the classroom, but it is limited. They do have some authority 
but while it is partly based on knowledge, much of it is organiza- 
tional. Teachers exhibit fewer of the colleglral norms characteristic 
of the "high" or "free" professions, and they do not as a group show 
strong commitment to the spread of knowledge about teaching, or to 
the notion of teaching as a lifelong career.-. We should emphasize 
that we are here describing an occupational group. Within any group 
there are individuals who, to more or less degrees, erfiibit strong 
characteristics of professionalism (Ritzer, .1973; Gold, 1952). 

,In the above-mentioned characterizations of the professions, a , 
heavy emphasis is placed on the importance' of a special ?«cl even 
esoteric knowledge base to the claim of professionalism. The know- 
ledge'base is important both to the individual's sense of legitimacy 
in making the claim to professionalism and to the acceptance of that 
claim by others. For example, the knowledge base of scientists is 
given high status in the society and is regarded as difficult to 
obtain by the public at large. Furthermore, science involves a 
language and jargon accepted as legitimate, if mysterious, by the 
general public. Science is special. 

The knowledge base of science teachers has two components. A 
familiarity with science and its terminology is one component. Yet, 
the degree to which the science teacher has these is not really 
unique, for others „have or may have access to the same level of 
knowledge. Because science teachers possess scientific knowledge, 
they can maintain a psychological link to the scientific community. 
Because their scientific knowledge is limited, however, their 
professional links to the community are tenuous aiid their status 
peripheral- in nature. 

The second component of the knowledge base of science teachers 
lies in a'hybrid collection of theories and terminology from the 
behavioral sciences and professional practice dealing with princi- 
ples of learning and of teaching. But this component o^ the 
knowledge base is ill-defined, complex, probabilistic and lacks 
the sense of importance, specialness, and the mystery associated 
with science. Furthermore, the public is quick to regard* the jargon 
of teaching as patent obfuscation. Therefore, for many science 
teachers identification with science and its professional norms is 
preferable to ide'ntif ication with education, teaching, and students. 

This" orientation has an obvious effect on a teacher's percep- 
tion of and response to communications from professional associations 
s.and on the general character of science .teachers' professional 



behavior. Science teachers accept science, scientists, and scientific 
associations as their sources of authority and have failed to create a 
necessary but distinct collegial authority based on a combination of 
expertise in science ^id in pedagogy* This lack of . independent 
authority persists despite the relatively low placte -given the economic 
and social needs of science education among the concerns of the pro- 
fessional associations of science. In keeping with this lack of 
relative authority, significant rewards and 'sanctions^ and much power 
and control over resources (money!) are vested in well-meaning but 
relatively xminformed segments -of the scientific community* This, is 
not to say that there is no professional organization of science 
education, but rather that only modest agreement exists within science 
education about professional goals and the possibilities of taking 
collective action vis-a-vis the associations and societies oi science 
to achieve those goals. Those in science education accept the largess 
of others, but take little initiative to shape their own political 
and social position. 

PROFESSIONAL POSSIBILITIES 



If science educators were to seek greater public effectiveness as 
a profession in America, what would need to be done? A necessary 
starting point is a clarification of our understanding of profession;;|j 
alism and legitimate professional action. I^hile no single set of 
criteria seems to be universally accepted for the definition of a 
profession or of- professionafcLsm, we can extract, from writings on 
the sxjbject (see references cited earlier), criteria about which there 
would be* considerable agreement* These are: 

1* A xxnique knowledge base and allied skills based on exten- 
sive training and which are appli^ to important areas of 
social concern.. 

2. A commitment to the profession as a career and to the 
. culture of the profession as a way of life* 

3. A professional ethic emphasizijig the good of the client, 
the public, and the profession over personal pecuniary or 
political gain. The ethic also ^defines relations between 
professionals. 

4. Jurisdictional control or a significant voice in the state 
of the prof ession by menibers of the profession themselves. 
This may be in addition to or instead of state or civilian 
control. The> controls apply to training, entry, licensing, 
discipline of malpractice, etc., of the profession. 

5. Public acceptance of the claims to professional status as 
evidenced by at least some control over the occupation, 
as in #4,' but also^by respect, authority, trust, and* 
autonomy being invested in the professionals in' the prac- 
tice of their occupation. 
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If we consider the state of science education on these five 
criteria, we have: 

1. The possibilities for a unique ^hybrid knowledge base arrived 
at by corabining science with pedagogy; but at present the 
pedagogical component is weak and not highly valued by 
teachers or the public. 

2. Commitment to the teaching of science as a lifelong^ career 
is unsure; some teach for a time then move to other occupa- 
tions, even as some havlix-g- had other careers ! are accepted 
as teachers. Strong commitment is not;' evident . • 

3. Client (student) -orientation exists and is emotionally reward- 
ing, but ethical relationships with regard to students is , 
unclear, as are relationships with colleagues. 

'"' ' ^ , ■ ■ ' ■ 

. A. Teachers, including science teachers, have done little to set 
the conditions by which newcomers may enter the group or to 
monitor and reward those already teaching. 

5. Despite the mildly positive orientations described under 1 
and 3 above, to the public, the negative aspects under 2 and 
A appear to limit the role of teachers to-vhc^t Glazer (1974) 
has termed "minor professions" and Etzioni (1969) called the 
"semi-professions." Perhaps that is as it should be when 
thousands of teachers are involved and children have little 
or no choice about who their teachers are. Using these 
criteria, science education is not a profession. 

Each of those summary statements requires elaboration. As noted 
before, the knowledge-base of science education could be expanded to 
include comparable concern for students and learning. . This would 
require significant changes in the academic programs by vhich future 
teachers are developed, as well as of the knowledge and values of 
those who train teachers. Initially this seems shoc:king, difficult, 
and improper. However i a look to the future and the growing concern 
for the social utilization of science and tec>.nology, indicates that 
a shift in emphasis from "knowing that" in _ science to "knowing how 
to decide" may be inevitable. The social and political role of science 
will receive more stress. Teachers must be qualified to consider such 
social problems even those involving criticisms of traditional science. 
A major transformation in the justification and en^jhasis of science 
instruction is brewing, and we should get prepared for it. 

Commitment to a lifetime career as' a science teacher or educator 
is not commonly expressed or expected.- Access into or out of the 
role of science teacher seems relatively -easy. Therefore, the Public 
does not see the degree of commitment it finds .among the '"established 
professionals. 

Those contemplating a career in science education should, from 
the earliest possible time, have involvement with students and explore 
in dcDth their observations, interpretatipnrs, and alternate consequences 
of various classroom strategies. Increasingly, teacher training 
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programs are requiring- such early involvements which enable students 
to decide whether a teaching, career fits their interests. Alternate 
career lines within education need to be made more visible and 
explicit; e.g., positions with state and local governments, publishers, 
R & D groups, etc., need to be defined as career steps for science 
teachers. Visible work opportunities in associations themselves can 
also provide career steps Import^t to teachers. 

Becoming responsible for the conditions of entry into a profes- 
sion of science education would be essential in establishing public 
recognition that this is a professional group. Science educators have 
not taken either the academic or political actions necessary to ensure 
that futute science teachers have appropriate competencies. In the 
past, groups convened by the AAAS, including some teachers and teacher 
trainers but mainly composed of academic scientists, have proposed 
requirements and guidelines for teacher training. Through thoughtful 
analysis and concerted planning, teachers themselves could set and 
guarantee standards for state certification and the approval of aca- 
demic training programs. This woxild indeed be a revolution, for 
teachers have -been relatively "negative about involvement in deiscribing 
even the criteria for "competency-based" teacher education programs. 
Experience and academic criteria for posts a§ supervisors, etc. , co^ld 
also be set. . ^ 

What has Jbeen distinctly lacking in science education is the 
realization of the political nature of the structure and function of 
a professional association, and particularly the political fxinction 
of the claim to adherence to professional norms as ideology. 

As Eliot Friedson (1969, p. 29), another student of the professions, 
observed: 

No matter how disinterested its concern for knowledge, 
humanity, art, or whatever, the profession must become 
an interest group to once advance its aims and to pro- 
tect itself from those with competing aims. On the 
formal associational level, professions are inextricably 
and deeply involved in politic s (emphasis added). 

Our claim is that science teachers and science educators and their 
professional associations have followed the ideology of professionalism 
in science without a realization of the political purpose^ of that 
ideology. Associations in science educatio^i have modeled, themselves 
after those in the sciences without examining the ve^-y real differences 
in institutional setting and socio-political function between scien- 
tists and teachers, of science. Science educators possess a very 
different knowredg'e base than that of scientists. It may not be as- 
formalized or systematic as that of the sciences, but it is real and 
it is about schools, children, teachers, educational systems and 
communities. But, it is up to us to establish in the mind of the_ 
public the relevance and necessity of our having control of the direc- 
tions that science education shou3d take,^what the training of science 
teachers should be, their conditions of work, and the institutional 
connections to translate research knowledge into practice. To. achieve 
this we must define the boundaries of the territory of our expertise, 
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deaand a say In the allocation of resources appropriate to our occu- 
pation, and defend those boundaries against those in the scientific 
and educational communities who would not recognize the necessity 
of deference to the expertise we carry. 

Public acknowledgment of professional stance and action by science 
teachers must be earned through political actions. To us it seems that 
educators in general and science educators J n particular have been 
remarkably timid in taking action in their own behalf. Pre^service - 
training programs are not appraised. Curricular reforms were initiated 
from outside t:he group. Training programs for refurbishing teachers 
did not originate with tis, nor have we evaluated their effects. If we 
decide^ what .needs to be done, we must work diligently through political 
action to achieve our purposes. If we continue to be unwilling or 
impotent to speak in our own behalf, we shall continue to acquiesce 
to decisions made for us by others. 

A conclusion typical* of an -article such as this is to suggest that 
the problems and issues discussed are iii5)ortant, that there is little 
formal knowledge about these issues and problems and therefore further 
research should be undertaken. We eschew this notion and rather urge 
deliberate programs of action intended to strengthen the political and 
social voice of the associations of science education. In. this 
insrtance research' is not to be regarded as the primary mode of obtain- 
ing relevant knowledge. Associational action intended to achieve well- 
defined goals (safety legislation, criteria for the accreditation of 
schools which train science teachers and educators, etc.) is a preferred 
means of answering important but difficult questions. Some of these 
are: 

1. What role should professional associations of science teachers 
play in the certification of science teachers, and the accre- 
ditation of schools of education to train science teachers? 

2. - What is the appropriate relationship between professional 

associations and unions of teachers to provide unions much 
needed advice on the ^special conditions associated with 
science teachers? IThat are appropriate ways to approach 
unions to maintain professional autonomy but still gain 
consultative status? 

3. What are appropriate relationships for professional associa- 
tions to have with legislative and administrative bodies of 
government at the local, state, and national level? Where 
can professional associations of science teachers and 
educators get advice on how to approach government? 

4. Are social conditions in America well beyond the- point where 
the primary role af science instruction is to provide 
initial professional training for future scientists? 

Can science teachers be critics (in the best sense of the 
word) of science and the scientific establishment? How can 
we proceed to redefine our position vis-a-vis the scienti- 
' f ic community and* the educational community? 
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RESOURCES 



In this article we have suggested Che need for science teachers, 
teacher trainers and researchers to assess the state of their occupa- 
tions, to gauge the effectiveness of their professional organizations 
In voicing the concern of their occupations, and to take appropriate 
but assertive action In these associations. We have urged th^s course 
of action to ensure that the voices of the. associations are heard among ^ 
many, many competing voices, ^o'this end we are providing a brief 
annotated list of readings to assist the reader in further understand- 
ing the processes of professional development in occupations. There . 
are few published works about science teaching or science education as 
an occupation. Therefore much of what is to be learned mist be 
inferences drawn jTrom the literature on teaching and other professions. 

We have also provided a brief list, with descriptions, of some of 
the major associations in which teachers and educators in science might 
be interested. We are doing this for two reasons. The first is to 
provide a resource for those who would like to extend their association 
activities. The second is to provide an overview of the gross associa- 
tlonal structure of the science- related educational occupations. In no 

way should this overview, be regarded as^cor5>let.e. _ It consi^ 

of the national associations of science education, science, and educa- 
tion. Space simply doe. not allow the inclusion of local and state 
science teacher associations, academies of science, chapters of the NEA, 
etc. This is unfortunate because it is at the local level, particularly 
wlch the state organizations of science supervisors, that science educa- 
tors are beginning to ful-fill the political responsibilities of profes- 
sionalism. Inhere appropriate, we have included information about where . 
'further information of activities at the local level can be obtained. 



BIBLIOGRAPHY 
Readings ^ 

Complete citations can be found in the References section. 

Kclman, Herbert C. (1961). "Three Processes of Social Influence" 

Kelman provides a convenient scheme which can be put to use for 
understanding the potential influence of associations on teachers. 
Of particxjlar interest to professional associations is Kelman' s 
notion of ident i f icati on — a process of influence dependent upon 
the provision of role relationships with admired or important 
individuals. 

Miigram, S. E. (1974). Obedience to Authority 

The authority >tLlgram refers to is specifically "scientific" 
authority. A clear understanding of the psychological power of 
scientific authority in current culture is imperative to under- 
standing science teachers and others who interact with scientists. 
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Sdicln, Edgar (1975). "Career Development: Theoretical and Practical 

* Issues for Organizations" 

Schein explores the notion of "career" and its relationship to 
both the Individual and the organization.' Little study has been 
demoted to the career of the science teacher. The application of 
Scheln*s analysis to science teachers and their professional 
associations provides one approach to the development of the 
professional organization of teachers. 

Cooley^ William (1963). Career Development of Scientists 

Only available as a report, this docxmient has been widely circulated 
and is in many university libraries. It is an important study of 
why some people persist in science careers and why others drop out 
or^hift to alternatives. It is important for understanding some 
of the underlying dynamics and tensions in science education. 
(If there is difficulty in locating this document, write to Dr. 
William Cooley, School of Education, University of Pittsburgh, 
Pittsburg, Pennsylvania 15260*) 

Glazer, Nathan (1974) • "The Schools of the Minor Professions" 

The dilemmas and strains of professional identification affect 
teacher trainers and those who do academic research in schools of 
education as well as teachers. Glazef^'s article allows one to " 
infer the manner in which the professional conditions of academics 
in science education are likely to influence their participation 
in prolessional organizations and hence the orientation of their 
association. 

Wilensky, Harold L. (1964). "The Prof essionalisat ion of Everyone" 

An analytical exploration into professionalism and its origins- 
Wilensky places a heavy emphasis on the acceptance of the know- 
ledge base of the occupation by the public as the origin of 
professional ^status. Among the functions of the professional 
association are the definition of the occupation, the fonualiza-^ 
tion of collegial behavior, and tha <3ictivities to gain the puMic 
acceptance of the claim of the members of the occupation to 
professional status. 

Etzioni. Amitai (1969) . "Preface" in the Sena-Professions and their . 

Organization 

Summarizes the points of strain in some occupations: viz . those 
which require a (albeit limited) knowledge base similar to those 
of the professions and in which there are constraints on autonomy 
and authority. Etziorvi traces the origins of professionalism to 
the generation and control of knowledge. 

Friedson, Elio (1973). "The Professions and the Occupational Principle" 

Friedson' claims the origins of professionalism are in the politi- 
cal and social control of work. The claim to special expertise 
and knowledge can be regarded as an ideology to justify such 
control (control here taken to include authority and autonomy). 
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A major function of the professional association is to act on 
behalf of the members of the occupation to achieve this, control. 
Hence, political action is an important aspect of professional 
behavior. 

Goode^ WlUiam J. (1969) • "The Theoretical Limits of Professionalism" 

Goode attempts to show that there are Limits to the degree to 
which an occupation can become "professional." These limits are 
imposed by the character of the knowledge base and the degree to 
which sensitive or potentially dangerous knowledge about the 
client is necessary for the professional to carry out his task. 

Rltzer, George (1974) . "Professionalism and the Individual" 

Individuals may behave iu a professional way, but this does not 
necessarily mean that thc;^ arc members of "professional!" occupa- 
tions. Ritzer distinguishes betwieen professional behavior in 
individuals and membership in professional occupations.* By 
implication, professional activity on the part of teachers makes , 
sense despite limits to the professional status of the occupation 

Marcus, Philip M. (1974). "Schoolteachers and Militant Conservatism" 

The growth of large bureaucratized school systems and the simul- 
taneous specialization within the teaching occupation are. provid- 
ing increased autonomy and authority to teachers individually and 
as a group (a point often missed by the functionalist sociologists 
who concentrate on stability in an occupation). Teachers have 
responded with demands reflecting a traditional conservative 
orientation toward professionalism. Professional associations 
of science educators may be alternative sources of progressive 
professional action. 

Lortie, Dan (1975). Schoolteacher 

A comprehensive look at the occupation of teaching including 
career lines, reward systems, authority and collegial relation- 
ships; very functionalistic, emphasizing stability in'the 
occupation and not change. ' Lortie notes that teachers have been 
' content to accept ,authority structure in the school and in recent 
times to shape that structure rather than to assume more control. 
This book is a necessity for those attempting to unders^tand many 
^ of the dynamics of the teaching occupation. j 

Waller, Willard (1932). The Sociology of Teaching 

This is an early work on teaching as an occupation, worthwhile 
for pinpointing, patterns of stability in the occupation as well 
as direction of -change^. It provides an important historical 
p er spec t ive . 

\, 

Brenton, Myron (1970) - ^Jhat's Happened to Teacher? 

A more journalistic (and somewhat muckraking) account of the ten- 
sions and strains that characterize teaching in the large urban 
school districts. Subject: teachers associations may be an impor- 
tant means of helping to ease these strains. But, the origins and 
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consequences of the strains must be thoroughly understood if 
professional associations are to be effective. 



Or f^anlzations ^ 

There are many levels of action for those who vish to influence 
the further development of science teaching through associational 
activity. Associations exist on the national, state, and local levels. 
On these levels there are associations of science teaching and science 
education, associations of science to which teachers may belong, and 
of course associations of teachers and other educators. If the actions 
of i:he various communities that these associations represent effect the 
course of science teaching, then it is important that at least informal 
associational links between the science education community and the 
other communities be established. Membership in several kinds as well 
as levels of associations should be encouraged. (If association member- 
ship dues are taken as $20.00 per annum per association, then membership 
In four associations would cost less than 1 percent of a beginning 
teachex^s annual salary. ) 

The following descriptive list gives information on the national 
associations of science education, the scientific societies that have 
sections concerned with the teaching of disciplines, and some relevant 
associations of education. 



National Associations of Science^ Education: 

National Science Teachers Association (NSTA) 
1742 Connecticut Avenue, N.W. 
Washington, DC 20009 

Executive Director: Dr. Robert L. Silber 

The largest scierce teachers association with several affiliates 
and' sections concerned with different aspects of-^ science teaching 
and science education. Publishes journals on elementary, second- 
ary, and college levels of teaching. Sponsors national and 
regional conferences and other professional activities. Poten-- 
tially a strong voice of the occupation in Washington. NSTA has 
a list of state chapters and associated groups at the local level. 

Council for Elementary Scieace International 
c/o NSTA 

1742 Connecticut Avenue, N.^7. 
Washington, DC 20009 

President: Beth Schultz 

A section of NSTA which devotes its efforts to the concerns of 
clenentary school science. 
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School Science and Mathematics Association (SSMA) 
P.O. Box 1614 

Indiana University of Pennsylvania 
Indiana, PA 15701 

Another national association, also incorporating mathoDatics 
teachers. Staalier than NSTA, SSMA also publishes a journal and 
sponsors an annual conference. In its earlier years the associa- 
tion took part in the certification criteria in several rid- 
westem states. 

National Science Supervisors Association (NSSA) 
c/o Charles Butterfield 
Science Chairtnan 
Ramsey High School 
Ramsey, NJ 07AA6 

President: Charles Butterfield 

An association for science teachers and others who hold adminis- 
trative and super\*isory positions in schools, local systems,:, or 
state departments of education. Local science supervisor associa- 
tions are increasingly aware of their potentijil "of bringing about 
, change and improvement through legislative arid administrative 
action. For more information about local and state activities 
contact the association. 

Association for the Education of Teachers in Science (AETS) 
c/o Joyce Swart ney 
State University College 
1300 Elmwood Avenue 
Buffalo, NY 14222 

Secretary /Treasurer: Joyce Swartney 

Professional association for teacher educators and college teach- 
ers with a special interest in teacher education in the sciences as 
well ^science supervisors and adrainistratprs with training respon- 
sibility. Publishes in the jourual Science Education as well as 
yearbooks and an occasional newsletter. 

National Association for Research in Science Teaching C^^ARST) 
College of Education 
206 Memorial Hall 
• Drake University 
Des Moines, 10 50311 

Secretary /Treasurer: Paul ii. Joslin 

Perhaps the most "acaceric" of the associations of science edxica- 
tion, NARST is comprised nostly of researchers in universities. 
Major political concerns are the priorities and funding alloca- 
tions of research in science education. 
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National Associations for the Teach- 
ing of Scientific Disciplines: 

Some of these associations are in fact sections of scientific 
societies. The following organ! 2.at ions are oriented tx'>wards specific 
disciplines in science. Their orientation, therefore, is more towards 
hlTgh school and college teaching. Because of the larger numbers of 
university and college teachers, these organizations exhibit a concern 
for the integrity of their respective disciplines. They also appear to 
adhere toore closely to the well defined status patterns in the scien-. 
tlfic community. 

Their names are self-explanatory and they will be listed vithout 
further comment. 

National Association of Biology Teachers — 
11250 Roger Bacon Drive 
Reston, Virginia 22090 

Executive Director: Dr. Jerr>' P. Lightner 

American Chemical Society 
Division of Gienical Education 
1155 16th Street, N.W. 
Washington, DC 20036 

American Association of Phvsics Teachers 
Graduate Physics Building 
SUNY-Stcny Brook 
Stony Brooke NY 1179A 

Executive Officer: John Muster 

National Association of Geology Teachers 
Department of Geolog>' 
University of Arizona 
Tucson, AR 85721 

Secretary /Treasurer: Edgar J. McCuIlough 

Xationa:. Couacil of Teachers of >!achcr:atics 
19 C6 Association Drive 
Res ton » VA 22091 

Executive Director: Jaizes 2. Garcs 

Middle Atlantic Planetarium Society 

c/o Peter F. Connors 

Half Hollow Hills ?lane::ariun 

50 Vanderbilt Parkvay 

Dix Hills, NY 11746 

President: ?. ?. Connors *^ 

National Association for Environrti^ntal Education (NAEE) 
5940 S.W. 73rd Streec 
Miami, Fu 33143 

Secretary: Bonnie McCabe 
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(This ASj^ociacioa \s least likely of this, group to iidhere to 
Che acsiSctiic orient^ion d^^scribcd earlier-) 



Associations of fdcace: 

The Aaaerlcaa Association for the/ Advancetaent of Science CAAAS) 
1515^ Massachusetts AvciJue, KcRv 
Washington > IX: 20005 

Director of Sduc^tion: I>r. Arthi^r Livemr^c 

Strictly speakixJSt^ Is not 3 professiosal association or 

socletjr. Iccxcaslngly* hovewr^ it is taking on t^ny of the 
charactcrisjrics of such an association. Tne AAAS ats a^sfi^ction 
iJcvoted td" educrition and .an office responsi?>ie for coordinating 
AAAS education activities and dissetiinating infort;aticn about 
science education- I' publishes Science Zducation Kevs (a free 
newsletter) and the authoritative journal Scienne . AAAS t:enher- 
s-bip is an isportan:: one for educators and teachers* "Srite 
the AAAS *about activities at local acaderrles of science.. 
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Tederaticn of /'^rericc.r^ Scienr l?:^- (FAS) ^ _ 

307 Massachu«:?tts Aventic, li.z.. 
Washington, DC 20002 

Director: Jeretr/ J, Stone 

rtc FASv'origir^ly the Federation of Atonic Scientists, grev ont 
of concern over the use of acctdc weaponry after "he second ll^orid 
r?ar-. It is regi^rcred 'as a lobbying organisation zo protiote the 
peaceful and hucanc use of scientific knovledge* Publishes the 
FAS ?''Sblic teres Report^ Very Inportant for those concerned 
vith scicncS-- related f>ccial issues. 



Associations cf Educacicn; 

Sational Education Assoc iar Ion C^SA} 
i2Cl 16th Street-, 
yashingc^., DC 20Q3o . 

Executive Dlrecrorr^ Jerry Hencoa 



Under cotrpcti^ior. fro'n thii-Azierlcan ^Federation o£ Teachers^ the 
SHA 'has undertaken :o represent teachers in collective barges ;Lr,l::g.. 
As such^ its voi-ce is %-ery ::rportant in the allocation of local — . 
resources and concitlor,.s of ecication. ^^any of the concerns of 
the NEA are professional i^:^nature 'ajid not sirply concerns over 
salaries, '/rite to zhi^ :TEA '^.r intc^^.^^atK-n about local .and state 
organizations. - V 

Aggrican Foderarion of Teachers -. 

11 DuTont Circle. . ^ ^ 

^tashingron, DC 2CK)36 

Mbr't explicitly a union than is the ^'EA. Vherc the 'AFT represents 
ceachers^ it is an icspor^anc tseans of influence in the schools, 
fifrltc to the AFT for inforcation about local activities. 
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Association of T&;e her Educators (ATE) 
X701 K -Street^ N.V., Sx:it:<: 1201 
Washiiigtcra^ DC 20G06 

Sxecutivi Secretary: Melvin 
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National ^soclation of those respotisible for pre- arte? in- 
service teachers education * ^ 

Asaerlcan Educational Research Association (AERA). 

1126 16th Street, N.w. ^ , / 

Washington^ DC ' 2C: 36 . , _ 

The AESA is a national association of educational researchers* 
Its orientation is pritiki^-rily acadeaic. 

Association -for Supervision and Currict: ' Development (ASCD) 
1701 K Street, N-W,, Suite 1100 
Vashitfgton, DC 20006 

Executive '^^ "^ctor: Gordon Cawelti 

An association of teachers/ adirdnistrators, supervisors, and 
university teachers and re.-^^archers concerned with the develop- 
nsent, iroienenration, and evaluation of curricula. 




ERIC 



' ( 

Asch, S, £. "Studies ir. zha Principles of Judg=enrs snd Attitudes: 
'll. Decenrir-atior. of Judgrents by Group and by Ego Standards." 
Jourr^I of Social Psychology. . Vol. 12:433-^65, 1940. 

Asch, S- E. "Effects of Group Pressure Up :n che Mr^dif icatlor, ur.d Dis- 
~ * 'rortion of Judgr.'2nr,s" i--: E. E. Maccoby, T. Kewccr:b, and £. L. 
Hartley (eds.) Readings in So<:ial Psych olc?:- (3rd edition). 
_Sew York: Holt/ 174-13.;. 192S. 

Brenton, Myron. Vhat ' s Happened to Teacher ? N*ev York: Avon^-lS/O. 

Cooley, Willian. Career Develoo-ent of Scientists . Unpublished 
report. Ca=ib ridge, y.\: Cooperative Research Project -^ASS, 
Office of Education, D-.:?arti2ent of Health, Education and Welfare, 
-1963. 

Etzicni, A=itai. "Preface" in Etziosi, Azltai (ed.) __Ihr _£..-:l- 
Professlons and Tr-.eir Organisation . Ns-- YorK: ?r>:'.--- ..■Tess, 
v-xvii, 1569. ^ ' . ^ ^ ' 

Edsall, John. Scientific Precdor! and Hespor-.sibility . CA report of 
the AA.\3 Co— ittec c- Scientific ?rc^-dz-r. ar.d ?,os pon.<. ib ili ty_- ) 
Vashlnscon, DC: fJ-J. \ 19 75. ^ 



254 



^ ■ 202. 



Fricdson, Eliot. "Professions. and the Occupational Principle" in • 
Zliot Friedson (ed.) Tne Professions and Their Prospects . 
Beverly Hills: Sage, 19-38, 1973. ' 

Glazer, Nathan. "The Schools of the Minor Professions." Minerva > 
Vol. XII, No. -3:347-364, July 1974. 

Gold, Ss - "Janitors Versus Tenants: A Status Incone Dilecaa." 

The Anerioan Journal of Sociology , Vol. LVII: 48 6-4 9 3, March 1952. 

Goode, Williaa J.' "The Theoretical LisrLts of Professionalist:" in 

Anitai Etzioni (ed.) The Semi-grofessions and Their Organization . 
Hew York: Tree Press, 266-308, 1969. 

Gross, Edward.' "Sociological Aspects of Professional Salaries in 

Education" in Robert RT. Bell -and Holger R. Stubb (eds.) Socio- 
logy of Education (revised edition). Hoaewood, XL: The Dorsey 
Press, 1968. ^ - 

Hollander, E. P. and R. H. Willis , (1967) . "Soae Current Issues in 

the Psychology qf. Conformity and Xon-Conformty" in E. P. Hollander 
' and R- C. Hunt ('eds.) Current Perspectives in Social Psycnology 
(3rd edition). Kev York: Oxford University Press, 435-450, 1971.- 

Xclsan, perbert C. "Three Processes cf Social Influence" in S. P. 

Holiaacer and R. G. Hunt (eds.) Current Perspectives in Social 
Psychology (3rd edition). N'ev York: Oxford University Press, 
421-434, 1971. 

Kelsan, Herbert C. and Carl I. Hcvland. " 'Reinstatement' of the 
Cosaunicatcr in Delayed i^easurezsent of Opinion Change" in 
Sasuel Hi=elfarb and rJLice H. Eagly (eds.) Readings in Atti- 
tude Cnange . Nev York: Wiley and Sons, 138-149, 1974. 

< 

Liebersan, >fyron. Scucation as a Profession , Englewood Cliffs: 
Prentice Hall, 15 56. 

Lortie, Ban. Schoolteacher . Chicago: University of Cnicagc Press, 
1975. 

Marcas, Philip M. '^Schoolteachers and Militant Conser'/atiSTn" in 
Eliot Fri-eison (ed.) Tae Professions and Tneir Prospects , 
Nerf York: Sage, 191-216, 1973. 

Milgra::!, S. £• Obedience to Authoriry , New York: Harper and Rcv^ 
1974. 

Kusgrove, ?. 'w. The Sociology of Education (2nd edition). London: 
>5ethuer. and Co., 1572. 

Ritzcr,- George. ''Profes-icnalisr: and the Individual" in Eliot Fried- 
son (e<3.) Tne Professions and Their Prospects . Beverly Hills: 
Sage, 1973. 



255 



Schein, Edgar. Career Development: Tlieoretical and Practical Issues 

for Organizations . (Also published in Career Planning and Develop- 
nent ilanageaient Series, #12, of the International Labor Or^aniza- 
tlon.) Offprints available from Professor Edgar Schein, Sloan 
.School of Management, MIT, Cambridge MA 02139, at a cost of $1.80. 
[Schein explores the idfea of "career" and its relationship to both 
the individual' and the organization.] • - 

Schein, Edgar.. Co ercive Persuasion . New York: Norton, 1971. 

'' ~" / 

Stubb, -Holger R. "The Professional Prestige of the Classroom Teacher: 
A Consequence of Organizational and Community Status" in Robert R. 
Bell and Holger R. Stubb (eds.) Sociology of Education (reyised 
edition). Homewood, IL: The Dors ey Press, 231-272, 19^8- 

Waller, Willard. The Sociology of Teachl^ig . 3tew York: -iohn Wiley and 
Sons. (Undated reprint of 1932 edition.) 

Weller, Charles M. The Role Orientation of the Secondary Schoo l Science 
Teacher . Unpublished Doctoral dissertation. Cambridge, M\: 
Harvard University, Graduate School of Education, 1965. 

Wilenslgr, Harold L, "The Prof essionalization of Everyone?" American 
Journal of Sociology , Vol. LXX, No. 2:137-157, Septe^e5,J»64rr 



ERIC 



256 

264 



' .Groicps with special needs lobby or pressure government to try 
to influence changes. Groups also lobby education. Th^y do this 
directly through contact with the schools or indirectly through ^ 
government or other social agencies. Handicapped students are one 
such group. Present trends are to put handicapped .students in 
ptiblic schools rather than in. separate institutions. This requires 
that the schools make physical modifications and programs which are 
corr^fggSblewith handicapped students. George Mallinson discusses 
the issues associated with providing science education for blind, 
deafy and orthopedically hcmdicapped students. • ,. • 



SPECIAL STUDENT NEEDS: SCIENCE FOR THE .:HAND I CAPPED 
George G. Mallinson 



INTRDDUCTION 



When this author was first invited to prepare a chapter for this 
Yearbook of the Association for the Edxication of Teachers in Science, 
he planned to deal with f oar groups: the intellectiially talented; 
the visually impaired; those with hearing.,dlsabilities; and the ortho- 
pedically handicapped. After some thought, and because of the 
involvement of the National Science Foundation with the Science for 
the Handicapped Program, he decided to eliminate the intellectually 
talented from consideration and limit the "special students'' to those 
in the three handicapped groups* It is worthy of mention that pro- 
posals targeted on ther.e three groups were the ones funded with 
grants from the National Science Foundation in 1977, 

The part of the legislation leading to the Science for the Handi- 
capped Program is nebulous with respect to its objectives. Apparently 
the concern arose when a group of persons from handicapped organiza- 
tions went to the Senate Committee dealing with the FY 77 appropria- 
tion for the National Science Foundation and suggested that some funds 
should be included to provide opportunities for entry-or^. reentry of 
handicapped persons in scientific careers. The legislation included 
only a brief statement about the $500,000 that was included for the 
program. It did little more than tell the National Science Foundation 
to "do something." The $500,000 was "sealed" in Mandation Section 7, 
P.L. 9A-747, National Science Foundation Authorization Act FY 1977 and 
signed on October 11, 1976., On page 21 of Report #95-93 which accom- 
panies S-855, there is a recommendation for $3 million for FY 78 and 
FY 79 for programs for minorities, women and the" handicapped in 
science. It seems to be the opinion of. personnel in the National 
Science Foundation that the program will be permanent insofar as any- 
thing is permanent in the federal government* 

i 

Without c-.- St ion, the aims of the program, are laudatory, parti- 
cularly with idea of "mains treaming" the handicapped into scientif 
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careers. The writer wishes to point out, however,, that funds from the 
National Science Foundation aad other federal agencies have deluged 
educational institutions in the hope of improving scientific literacy. 
Increasing the numbers of students electing -sciences, particularly 
liigh school physics; raising levels of verbal and quantitative achieve- 
ment of students; and, in general, making sure that all good 
Intellectual things are disseminated to everybody. The flow of money 
Into these entemrises has, if the results of research studies are any 
criterion, resulted, at best, in only a trickle of accomplishment. 
Indeed, if the scores of SAT and similar tests are any criterion, 
there has been a retrogression in achievement. There is nuch evidence 
to suggest that the United States and other nationr have had 3^ess than 
reasonable success in "mains treaming" the- nonhandicapped. If r:^yone^ 
thinks that this can be accomplished easily with the handicapj^d, ' he/ 
she is "whistling into the wind." In fact, many efforts to "iiainstream. 
the handicapped in past have ended up. with drowning thcvxctim of 
all the good will. Probably, the major deterrent factor has been the 
xow population of hybrid personnel who understand the scientific enter- 
prise and also field of the handicapped. Those who had expertise in 
the scientific enterprise had good intentior^s for dealing with the 
handicapped but little expertise and vice versa. Also, even among 
those with expertise in dealing with "special students" with these 
handicaps, there is frequently a lack of understanding of the implica- 
tions of the dimensions and configurations of these handicaps. 

SOME DEFINITIONS . 



Before dealing with activities that lead to mains treaming, it is 
appropriate. to "define" what the three handicaps are. That task is- 
difficult, if indeed it can be done at all. 



- Blindness or Visual Impairments 

Blindness is often construed as the complete lack of any light 
perception. However, few of the persons who are classified as being 
blind are that severely handicapped. A much better term .is ' visual 
impairment" since the handicap is a matter, of degree, not an all-or-^ 
nothing characteristic. A person is considered to be "legally blind 
if his visual acuity in the better eye is 20/200 or less with 
ordinary corrective lenses and/or if he has a visual field that 
extends no greater than 20 degrees at its widest diameter. There 
are, however, many legally blind persons who have passed the test 
for a driver's license and some who drive without such legalities. 
In fact, the classic case is that of the legally blind person \iho 
drove his car alone from Washington, DC to the Veteran's Administra- 
tion Hospital at Hines, Illinois, just west of Chicago, to enter the 
training program for orientation and mobility for blind veterans. 

One must also recognize the difference between those who are con- 
genitally blind and those who are adventitiously blind. Both forms of 
blindness may occur because of endogenous or exogenous factors. Endo- 
genous factors are genetic in nature. Exogenous are those that arise 
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from disease, toxicity, injury and other external forms of damage. 
But those who are bom blind (congenital) never have any visual^ 
reference and the same is true for those whose onset of blindness 
(adventitious) is prior to five years of age. Those whose onset of 
blindness is after five years of age retain some visual reference, 
the amount depending on the age of< onset. Consequently, persons 
with the same degree of blindness may have quite different functional 
capabilities. Also, persons who are classified as legally blind may * 
differ greatly- The deterioration of vision may be generalised over, 
the entire visual field or it may 'be total for a large portion of 
the visual field with normal vision in the small remaining portion. 
The reader is referred to Harley (1973) for a more extensive discus- 
sion. 



Deafness or Hearing Impairment 

The classification of hearing impairment is not so well defined 
as that for visual impairment. They are alike in that the impair- 
ments may be congenital or adventitious and endogenous or exogenous 
(McConnell 1973). But; there is no "legal" definition for deafness 
as there is with blindness. However, a deaf person is considered, by 
professionals, to be one with a 50-70 decibel bilateral hearing loss 
with maximal correction on the basis that normal language is produced 
at about a 60 decibel level. -Stated in more practical terms a "deaf" 
person is one whose hearing loss at birth or before two or three years 
of age is so severe that the normal spontaneous development of spoken 
language does not occur. Those classified as "partial hearing" have 
a hearing loss in the prelingual period that is not so severe as to 
prevent the development of some spoken language, or who have normal - 
hearing during the prelingual period but develop a hearing loss later. 

Hearing impairment Is classified at a number of levels but the 
three greatest are referred to as (1) marked with a 56-70 decibel 
loss in which the person encounters frequent difficulty with loud 
speech; (2) severe with a 71 to 90 decibel loss in which the person 
can understand only shouted or amplified speech; and (3^ extreme with 
a loss of 91 decibels or more inj^ich even amplified speech cannot 
be understood. In addition, l^aring'- loss may be selective in terms 
of frequency i a, .person having low auditory acuity with high fre- 
quencies and normal with low or vice versa. 



Orthopedic Impairment 

It is clear from the report by Wilson (1973) that the <efinition> 
of "orthopedically handicapped" is even more nebulous. According to 
the Veteran's Administration, the loss of one leg usually represents 
a 40 percent disability and the loss of both legs, a 100 percent dis- 
ability* However, these "ratings" are mainly criteria for awarding 
compensation, not for measuring disability. Many who have lost both 
legs and have been fitted with prosthetic limbs are highly mobile and 
productive individuals. The assignment of a 100 percent disability 
rating in terms of functional capabilities is grossly incorrect. The 
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same is trxie for the assessment of disability of a person who has lost 
one or both arms, or who has lost functional capabilities in the extrem- 
ities Because of disease or injury. A person who has cerebral palsy 
.may have mild to severe spastic involvement on one or both sides but 
yet is ^ble to walk, talk and think. 

It is obvious, therefore, that stereotypic assumptions about the 
discrete configuration of the characteristics of a handicap are totally 
invalid. This does not suggest, as many zealots do, that the handicap 
can be dismissed merely sCs an irrelevant characteristic, such as hair 
color or skin color. MaAy "mains t reaming" .3fforts have gone* "down the 
tube" becatise of such casual dismissal. It does suggest, hox»?ever, that 
the approach must be positive in terms of assessing what the individual 
can do and not in terms of the limiting effects of the handicap. 

JOB ASSESS^E^T AND INDIVIDUAL ASSESSMEOT: 
AN IMPEDANCE M/OTCH, 



This paper deals mainly xjith issues related to expending opportun- 
ities for the handicapped in science. Consequently, the factor of job 
assessment will be dealt with only briefly. It should be emphasized, 
however, that assessments of the knowledges and skills needed to per- 
form successfully in scientific jobs must be made and must be available _ 
to vocational counselors who deal with the handicapped. These are 
available from sources within the U.S. Department of Labor, particularly 
on a "thumbnail" basis in the Dictionary of Occupational Titles (1965) . 
Obviouslty, the qualifications needed to perform in a job will vary with 
the ind\istry or organization in which the opportunity exists. Thus, it 
should be kept in mind that the configurations of knoxirledges and skills 
needed for jobs are not discrete any more than the configurations of 
• characteristics of handicaps are discfete. In effect, the essential 
parameters, not the specific activities, of the job must be identified 
and the vocational counselor must have "psychological ownership" of 
•them. 

Parenthetically, it must be recognized that the ^qualifications of 
many vocational counselors, including those of some who are involved 
in rehabilitation counseling, are less than' adequate. This should not 
be construed as a blanket indictment or even an indictment of the 
pioajority. One nist face the situation, however, in accord with 
' Murphy's Law,\that if it is possible for things to go wrong, they will. 

The assessment of individuals must be the responsibility of 
professionals who are perceptive" of capabilities, both existent and 
potential, of the handicapped, rather than being experts in the limi- 
tations. Obviously, the latter must be considered, but it should be 
secondary to" the former. The data from the assessment of individual 
capabilities must be trjarrsmitted to the vocational counselor, and as 
with the assessment of job knowledges and skills the counselor must 
have psychological ownership of the implications of the data.^ 
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The match of qualifications for the job and capabilities of the 
Individual should not be prescriptive sinra there are many variables 
that must be considered, including, among many others: age, general 
physical condition of the individual, prognosis of the trend of the 
handicap, mobility requirements of the job, and demands for pre- 
service and continued inservice education. Any effort to make the 
match, therefore, should be suggestiver 
./ 

Expertise for suggesting possible matches should be sought from 
Individuals who have been successful in entering scientific careers 
as well C3 from those who have not been successful. The types of 
information that should be sought will be discussed in another section. 



NDBILITY 



Opportunities for" entering or extending scientific careers depend 
greatly on the mobility demands of the job,, the mobility capabilitxes 
of -the handicapped, and the extent to which it is feasible to remove 
barriers that , limit mobility. Mobility of chose with severe visual 
impairments began with the sighted guide and successively involved the 
cane, the guide dop-, the long can:^ and more recently the laser cane, 
sonic gjilde,^ and Lindsay-Russell Pathsounder. Withla the past few 
years there have been many developments with low-vision aids of various 
types such as special eye* 'felasses that improve visual perception 
markedly. All these increase the accessibility of the environment to 
the handicapped individual* Since World War II, the nximbers of pro- 
' grams for training rehabilitation teachers for the blind, orientation 
and mobility specialists , and low vision specialists have increased 
greatly and so opportunities for increasing the mobility of the 
visually impaired have increased gteatly. This does not mean that the 
needs have been met adequately since they^have not. However, the 
situation has definitely improved • 

About the only devices used to increase the mobility of the, deaf 
Involve amplified speech and the use of air and bone conduction hear- 
ing aids. .These have become increasingly smaller, and more efficient 
as microelectronics have developed. Without regard for the affective / 
advantages of the cosmetic improvements in these devices, they have 
'enabled these with hearing impairments to respond to 'environmental 
stimuli to which they formerly could not. It is important to .note 
that mobility, other than by constant visual scanning of the surround- 
ings, depends on these responses. For those with marked, severe or 
extreme hearing impairments, lip-reading may be the most efficient 
alternative to speech communication. However, the percentage of those 
with tiearing Inipairmerti- who can lip read -is relatively small and 
this skill does not 'enable the handicapped person to respond to 
environmental' stimuli that have auditory dimensions and to which he 
Is not directing his eyes. The feasibility of using a signTlanguage 
Interpreter on-the-job is quite questionable. 

Prosthetic devices for the orthopedically handicapped have become 
Increasingly more sophisticated in terms of increasing mobility. The- 
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use o£ li^tweight . alloys have made It possible to develop more effi- 
cient canes and crutches. It' is also evident that prosthetic liinbs, . 
notorized wheelchairs and other mobility aids increase capabilities 
far beyond th/ of the earlier ones. It would not be appropriate to 
discuss their characteristics at length in this section since the 
theme is "mobility" not "hardware." One should mention, however, the 
development of barrier-free environments with the construction of 
rasaps instead of curbs at street comers, the modification of lava- 
tory stalls to accommodate wheelchairs, and the adaptation of vans 
to admit the orthopedically handicapped. 

In ^summary, although it may seem that this section has dealt 
with what might Se generally referred to as prosthetic devices, the 
eii?>hasis is on using the devices to increase the mobility of the 
handicapped without which entry into, or extending, scientific career 
opportunities -would be relatively impossible. But, there are four 
' facets that must be considered in using devices to increase mobility: 
' (1) developing and improving the devices; C2) making the devices avail- 
able to the handicapped; (3) training personnel to teach the handi- 
capped to use the devices; and (4) training the handicapped to use 
them. Realistically, cost is a major consideration since the market 
for the devices cannot be compared with the demand for automobiles, 
shirts or canned beer and consequently, the unit cost is higji. In 
most cases, much of the training of personnel to teach mobility to the 
handicapped, and teaching the handicapped is on a one-to-one basis. 
r Also, the handicapped are among those whose monetary resources are 

least affluent. Consequently, the extension of mobility of the handi- 
capped and their subsequent increased. entry into scientific careers 
must be accepted initially as a social cost. But, the cost of main- 
taining a handicapped person on welfare during his productive life is 
at least ten times greater than the cos;: of making him self-sustaining. 
The' economic advantages of the inici-'al cost of providing mobility are 
obvious. \ 

BASELINE DATA NEEDED FOR IMPLEMENTING OPPOR- 
TUNITIES IN SCIEXCE FOR THE RANT)ICAPPED 

J Currently, other than for the visually impaired in the field of 
data processing, there are no complete lists or assessments identify- 
ing handicapped persons in the scientific community, or the compe- 
tence with which they function in their jobs. The Amarican Association 
for the Advancement of Science (AAAS) has initiated a Project on the^ 
Handicapped in Science and has a number of publications, one in parti- 
cular that w^ edited by Redden and Schwandt (1976) that se'^iks to 
gather such information. Also, the grants ;mder the Science for the 
Handicapped Program of the ^lational Science Foundation support several 
projects" that have that intent. However, these efforts so far have 
only scratched the surface. 

Perhaps even more important, there has been.no definitive study 
that identifies the problems the handicapped have had with obtaining 
cduca-^on for their present jobs, or the problems they encountered 
in placement and on-uhe-job acti\rLries. It would seem, therefore, 
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that the following must be accomplished if improved entry into, and 
extension of, job opportunities into scientific careers are to be 
implemented. 

1. a. Identification of the problems the handicapped 

encountered in sele^ing an educational program 
that led to current '^employment. 

Identification of the types of professional support 
the handicapped received in selecting an educational 
program that lead to current employment. 

2. a. Identification of the problems the handicapped^ 

encountered in entering and completing the educa- 
tional program. 

b. Identification of the tjrpes of professional support 
the handicapped received in entering and completing 
the educational program. 

3. Identification of the types of vocational rehabilitation 
the handicapped received, including training and fiscal 
support . 

4. a. Identification of the problems the handicapped 

encountered on job placement. These problems would 
consider both personal and external factors. ^ 

b. Identification- of the types of professional support 
the handicapped received in job placement. 

5. Identification of the problems the handicapped encountered 
since job placement. 

a. Attitudes of colleagues. 
b<. Job requirements. 

c. Adaptations of job environment. 

6. Identification of the successes and' failures the handi- 
capped encountered ii? advancement on the job. 

7. Identification of the types of comrion problems that are 
encountered by all handicapped groups and the types of 
problems encountered that are ^unique to the different 
handicapped groups. 

Unless such informntion is obtained and used, there will be much 
"spinning of wheels." 
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AN EPILOGLIE 

/ 

Those xaenibers who express concern for the handicapped must be 
lauded for their attitudes. However, several cautions nust be 
observed. 

!• The problems with general and specialized education of the 
handicapped are greater than those with the non-handicapped 
as is attested to by veterans in the field. More efforts 
and dedication are needeJ than with the nonhandicapped 
althc-.'gh accomplishments are much more rewarding. 

There are few handicapped persons who do not also have,^,&02ae* 
corollary physical, psychological or social problem that 
needs attention. Thus, one must not dismiss a visually- 
impaired person as being only visually impaired. However, 
the author hastens to add that those who do become involved 
should not become wary a.id start searching for other 
problems. 

3. Much time and effort are required, as with all education, 
to produce and particularly to observe resxxlts. They do 
not occur overnight. There is much evidence, an example 
being the environmental movement, that disenchantment sets 
in when "instant'' success is not evident. If su::h does 
happen the fresh ideas of newcomers will be unfortunately 
lost. In other words, "If you do get involved,* stick with 
it." 

4. -^ Finally, and this probably should have been the first para- 
graph of the paper, the handicapped should not be considered 
benefactors of charity. They are taxpayers, have egos, and 
display the spectrum of personality traits that arc found 
in the "non-handicapped.^* No one is perfect and so everyone 
is handicapped to a degree in one or more ways, probably 
more. As taxpayers, the handicapped have a right to access 
to the environment and to job cpportxmicies in every area 
in which they have capabilities. The obligation is to help 
them exercise that right. 
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One of the biggest pr^eesz^res -Sczck stz^^.ts feel fi^rn society^ ^ 
is the pressure to be crrvlcycbte. a7 though technical cr^ scientific 
employment is avdilable/ students fed <:Tr}ense pressui^e to do veil 
eo that they can cvcntucllu get a ''goo^d dob.'' Cczreer eductzti^^. zs 
the. schools"^ response, ^haz ccrecv educc::ticn is and it is 
TeZated to science educaticK is the subject of Michael Leyden 's 
paper. " 

\ 

_ . N 

CAREER EDUCATION 
JHchael B. Ley den 



A KS\ CAREER: CAREER a?imNC£ F£RSaN>S. 



The Fasdiy of Man — Ir.>-5earch of Ern?lo\^ent: 

Jiiissy Carter carrpaigr.ed on che issue of s 7.9 perceni: 
oeat rate, and 3 prozisc rhat he vouid actenpt to reduce that 
to 6.4 percent vithin one year. And vhen Carter becaoe ?r^;i<I^nt/ he 
forced Gerald S. Ford to be unet:?loycd. Tne issue of e^pi^^.-tjeat is 
important tor people at all levels of society-:fro3^.pre5ident3 to 
paupers. When* people cannot find --jork, they ualJLow in dcpresstor^ and 
povertv^ and <;uesticn their seIf-"u*orth. When they retire, people 
often becose desootidertz because of their inability to constructively 
::se their sudden veaith of leisure tirse. 

What ve *'do'* in life is of great isporcance to ourselves and 
others, '^^'hat we "dc" can be called aany thin^: eaploynisnt, a job, 
career^ vocation^ profession, business, or vork. Xo t:attcr '-/hat 
the title, the search for soc:ething chat is enjoyable^ profitable, 
and stimulating to ''do'' is alrcst a built-in* drive of people. 

Career education is concerned with hut:an and econotd^c survival* 
Parents^ relatives, friends, the teaching connunity, and of course^ 
the nedia, ali have ro^es in i^clping a person select a career. Many 
careers have been created in the career guidance field — constructing^ 
adndnistering. a-.5 evaluating the results of interest and ability 
tests. The public ofti;n peints toward our educational Institutions 
as bearing the sole responsi r/ility for career training. There are 
cvo polaricec thcughcs on "che concept of fortsal education . the 
vehicle for ca:>eer training. 

First, there is the school o5 thought ^*hich springs fron the pure 
vocational education progrars. They believe that there arc certain 
basic skills for tsany zyyes of jobs that can be taught and vill never 
be outdated bv technological advances. Gncc stu.dents leam these, ^ 
task skills they'll be aole to adarx to future changes iu the field or 
expertise* Tnis concept of cari?cr training i^ esoteric* 
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. .^^.^zSis.-xs^.^-ci-.Soi^f'.''. .aduca!j-j;2i-^Jiiilag:.J:ii3.g-Q^ career . 
awareness— aoi career rraiixin?. Aachcrcd in a broad base of liberal 
a*ts ■ this for= of reaching believes char students should learn acre 
chan*just rask and job analysis technicucs. Those -ho favor career 
avareness ho?e:Co ccach young people about prohlcs solving aad deci- 
siott aaking, the values o: --or/-., tc seek underscar.dlnct^: pcesclE 
in relacionshi? co --ork, and co realize the interdependence chat 
exi-sts in the labor coc2:yr.it>s Such goals cbanc^'bc i=cc with a 
aarrov, specialised vocational prcsraa. 

' One of the cost ironic problers of ea?loyr.cnr is the vast amount 
of leisvrc £i=e that is left each after a person has worked for 

'35-4o"hours. Four-day vork veeks arc'r.ot uncomorv. Sose corporatioas 
•are cvca trj-ing a three day. 12-hour work shift! That vovld Icsave ^ 
four days of leisure tisc. Ti=e to Jo vhat? Those trained exclusivci^y 
for the world of vork find there is rore to life thar. a job.' 

"Btxt/' the cr-.- s=?cs up, "I have a niece '-ho got a SA degree i- 
history and Is a clerk? What ,3?od did all that schooling do her?" 
Oaiy the niece kno--s :cr sure. '--'h'W. slie isn't clerki-ng. =aybc she 
-ea-^s vi'^-'r---. art. historical and science nuseurs vorks with the 
League "^-or^n Voters, and rcaliee:^ that she is livLns a productive 
24-hour-a-dav life, "-'hen she punches, bur of the store in the after- 
noon, her r.ind is still active. Charley. Johnscr. , a Ph.D. in chealcal , 
esgi."i:ering. --as a -quarterback in the NFL and no-' «orks^ in _sales^3r.c 
public relations for a large company. Charley Johnson is a total 
per'^on, vork and slay. It is itipcrtant to resesber th,:^t a 
person's education should, r^t be li=:itec by the. --or k he/she docs. 

Work Issues— More .hcc; ^ust ^apor 

If :::olcvr.cnt is the najor pro'-lc-n facing econorj-c ,ij=erica. 
it i*-.~clos?^lv' foi loved by the second :rost prcssir^:;- issue; jcb dis- 
satisfaccicn by zcosc vho are crrnloyed- Listen to these., ec^loyees. . - 
"I*n a sachin>>-." says tht^ spot vcldcr. ■■"I*^ caged/' says^ the ban.< 
teller, and echc-i-s the hotel clerk, •'I-cj a rruieJ' says the £;;cel- 
vorkcr! "A c:onkc- can do --hat I do." s-^ys the receptionist.' 
ie5S tr^n a fare: inolener.t says the rigrant worker. an ^, 

object," says the Mgb fashion codel.... This is Aserica at --ork. \ 
This is a depressed f\=«:r:.ca— the sha-e c: the (51?. 

A career oore than just a job; it becones part of thej-erc^. / 
Lik«-' a r^rriage, the r^erson anc the job mist r.eld— snd l-;kc the =arr.- 
carriages z>.-iz arc disscivi:-.- at a rapid ?ace^ job dissatisfaction 
vaxcs alaminr.ly. 

So one can say that :here is a shorta-^e o: jobs. £very_ day , 
ncv'spapcrs lis: .lobs that gc- van::r.g because they arc jobs that^ 
nobody vants. . 

I var- e!!?tinr r.rcak:,isr in a restaura- A san dressed u a suit 
sac next Ic =e and oracved coffee. ' fe- ^.inutcs later be vas spotted 
bv a waitress ---he greeted h:r. chcerfu. .vnd cxclaised: • "Cosh, . 
:am*-v. vhcre -are^V--- dressed _: like thai: or. a Saturday:- 



_JBA.ali>pcd 5h.« blacJt brc-» put. diJtfa..hls .cjj^.od_re^^^ ye Sor 

CO work this af terscon. r have a -jobv too." ' THe call, thin red- 
headed lady put her ha.nds a^v her hips and sighed: 'jLiscec, 3ame>» 
I h-ave a -JOB. A^yoe sressed -jp llV.e^you has a ?0SITI0K." 

People don't -^nt ^^at^y old job/* thcv vant a position! rr.e 
j&aicor becomes a **3uilding Hr.ginecr/' salespersons are'Xccour:t ^ 
Executives," secretaries are "Offi^ * -:i5crs/* a^d the list of ! 
c<3?headsns grows. 

On one hand we have uries3ploy and on the other uc h>ave 

unemployed people von't. accept ^ - any job. Ironically, it 
is often the rost ill -pre pared vorker vho is the nsost particular vner. 
ic corses to S€lecti::g a ^ob. A vell^defiaed car.eer awareness program: 
aay allow students to assess their abilities and goals vith tife vast 
au5i>er of available occupations and to select a position that is 
neither too high rcr roo lov. Let vs e:xasinc ^o^^ of the problert-s 
of establishing sxich a program, 

There is r,or cr.Iy a proble" or dcfir^lng ter:=s use:3 in career' 

education, bat -here is rhe, cask of defining. '-Tiac cerr3 one vasts 
to define. The z.osz criricai -err: is career ed-JC3cio2 Itself. M'ost: 

■ srares and schools have forred definiclor^s ::o aeec cheir ov3 needs-. 

Kenrierh 3. "Hoyt. Head of the Office of Career Sducacioa or USOE. 
hxis defined c^rt^er education this vay: 

Career education -he ''total effort of public edt-aticn 
nsiA. :he co=2un.ity re- hel? all individuals beco=e fardiiar 
vii'h the valres cf ^ '-ork-oriented society, to ic.tegr^te 
those val- their ?crsc-al vaJuc sy^ser., and to irr-le- 

seaC the-. . ues -into their -3'lves in. Such a va-y tr^t vork 
bcco2£^ 'H,. -.Able, re^*:ingful, snd.^sati$fyir»s to e3Cfe iTjdi 
vidual (■=.eyv,'*n and Peterson, ,■.975, p..,!^, 

Tf.zxtt arc also ocher teris to 'Jefine: -'orV-.* career, education 
aad leisure. Tnc pcrscV-ia-thc-strcfct definrtiods of these vordij 
ir, f-jirly r<:3t.ricti'.*c- '.vork.is =cre chan ' -'hat you do for pay — It 
should i>i tho-ight of as a cores'- ious effort 4t prcd-JClng benefits 
(oaccriols or services) for or-.^ ' s self and- others. A career i& -ot 
jus: s list of Jobs a person has had b-jt is the totality of -^ct-. 
expe^'-ier.ccs he/she has encountered. Oftec as person changes j3c£, ^ 
he/she sovcs tc another v-ith a '^isilar these, for exaspic, sales 
could De in automobiles or television sets. Tne job =;3y change, but 
the' career these of -^ales lingers. Th-t tern cc'-catica' is not 
restricted to schooling but should be thought o? as the totality or 
foraal> inforrval and' inciderit-al experiences throu;;;- vhich a person 
learns. Leisure 'is =ore cha.-._play; it Is all those acticicics -hich 
■ person pursues vhcr: r-ct engaged in Iiis/her vocation.. 
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3ur"whac Is a vacation?- Defiriing career e-'iuca^i-on- -t-ertssr l-i 
so-aeu-hat like science :e;ichcrs •-'^.o gee boggad cc-.t: rr/ing to distin- 
guish between ir.cuiry teaching, guided discovers, and discover- 
learning; the differer.ces arc often blurr-v. (For a -ere clanorate ■ 
disc-usslofs-or career develcpscnr theorv- and associated terns, see 
Herr (1972), Osi?cv (I9ii) ar^ Peterson and Peterson (1975).) 



_Is?le=gr.tatlo;-; ?arterr.5_ 

Inviting the butcher, the b,:-'..?r, ..nd the candlestick =uiker to 
visit your classes is not .exactly all that is involved in a career 
education prc^rarj. It is i=r;ortant but such resource persons -v. 
fit into a progran: vhi ch has a st";regy and a Icng-tera goal. 
Saatem Illinois Univ-r?ity hiji>^ve^o?ed a list of career d'e7elo?=er.' 
coTicepts (cdc). and it is suc^T.^ rationale vhich separates a n.it-or- 
isiss progras ---or. a sequent ially based one. 

Career avarenesjs is r, blerrd of career deveiopbent -co-nceots (cdc) , 
subject matter concepts (see, 5nd occupations available (occ; . To 
•jhich extent sho-jld ,inv of these three be str-ssed, o-itted, or i.-te- 
grated --.Ith rhe others? The degree of e=phasis provid-is _ for se^/eral 
po£5sible nodcls-^c: lr:pl':'renuacion: 



^nat t 



Pattern^ One : schools start vith cdc and th .look for vays 

hcse c"an be rcinforceo in various ssjbjcct tatt-- areas v-frH -r.-^. 



Although occ are not stressed, the-/ are inherently present to sor^ 
degree. 



Pattern Tvc; Anr^ther approach is that vhich stresses a subject 
satter rsod^elT Tr. ? snc :rlgh- be selectee, and then the applicatirjn 
if Idea to people -'ith specific occupatior.s is suggested. In'rhij. 
frarjevoik, cdc arc^ cnitted. . . _ 



Pattern Tnree: Here specific occupations- ser-ze. as the organizing 
force around vjhich .snc are ained. The cdc are treated as a scpara"- e 
subject rather than in'.-i;;i'aced ■o..th t..e six; cno occ. 

Fatterr: Four: Th5 E;nrich-*jnt; of Teacher and Couru'.izor ..orrptien- 
cies in^Carccr rld-jcaticn Projects -.(ETC) at Eastern Illinois L-liverstty 
{'1S7A) produced a prog tat, vhich gives. equal etsphasis to ssc/cdc/occ . 
Sponsored by z^e VSOZ^ the ETC produccd^ll sajor concepts es'sential • 
^OT career develoo-enc inci then cited 76 subccnccpts- 

ic does no: ta:-:-c rr^ch -i,-nagi nation t^ envision nov tnese cdc 
could be integrar.^d into a science pr- j=i without any drastic 
deviation frc=: :r - n.:>rr,3l lessor: plan. The use of career inforsa- 
tion should i^^^-illy enhance^ the attainn^nL of the science cojective V 
for any lo-srsl 
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Attitudes czrA ■Apprec^z:ticr:s 

Society is dependent upon the productive work of individuals. 

Career iKfomatio-n , 

Basic career information will aid in making carcer-rel^iced decisicas, 

Capirg Sehavicre 

Certain identifiable attitudes, values, and behaviors enable one 
to obtain, hold» and advance In a career. 

Individuals can learn to perforr:: adequately in a variety of occu- 
pations and occupational en^/ironr:ents. 

decision y/2<ing 

Life involves a series of choices leading to career coositrients. 

aasic components of the decision-making process can be applied to ' 
tKe' establishing of personal^ ^oals and the making of career- 
related decisions. 

Educational skiili:; and c>cperienc>-3 are related to the achievement 
of career goals. 

LifaBti^le 

Work affects an ..^dlvicuars way o: life, in that a person is a 
social b^in?, econom^ic bciing, a family being, a leisure Deing, 
and a «>ral being. 

Self-Derjclopr. ' ' ; /" 

An' understanding nnd acceptance of self U important. 

Social, economic, educational, ^nd c^^tural forces influence self- 

development . 

Individuals differ in their interests,, aptitudes, values, and 
a ::n ievemcnt s . 



^The ''Career Dwelopment Major Concepts^' ve^re -ompilcd by the 
r!nridi:a-nt of Tfeacher and Counselor Competencies in -Career Education 
(K:-6> Project, Eastern Illinois University, Charleston, Illinois. 
This' chart vas d.-velopcd by taking parts of the tables in Leyden (1976, 
ppT 88-92y and is printed here vith the permiss^.n of School Science 
and Ma th emat ics * 
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SCIENCE, CAREERS AND SGIOOLS 



What Is A Scientist? 

If you were to ask the public to describe a scientist, they would 
begin talking about a male who wears a long white lab coat, and then 
go on to list other misconceptions. Most of the scientists I see in 
the labor conmunity are taale, but very few havi a college degree or 
wear a long white lab coat. I'm talking about electricians, auto 
mechanics, photographers, television repairpersons, and many others. 
They are all scientists because of the way the^r attack probxems. It 
is the thought processes they use which classifies then as scientists. 
In the Piagetian sense, they are "If-thenerr. /' using the logical con- 
struct: "if-then, therefore."- Vhl'^e millions of housewives are not 
In the "paid" laboring force, many of their daily decisions call for 
formal thought. In fact, survival in our society calls for people to 
make daily decisions on the basis of "if-then"-lng. 

Because of the technological nature of our society, the chances 
for stud'iints ending up in a science-oriented career are mCich higher 
than you think. A college graduate with a BA in English might be the 
science editor for a radio/television station or magazine. The 
students with an art background could be a science museum curator. 
A major in social studies becomes the city planner. 



Conceptual Models 

^' ^ementary School : Shown in igure 1 were the seven areas and 
11 major concepts that vere consl- red by the ETC Project. Figure 2 
is an elaboration of tvo areas. Coping Behaviors, and Decision Making. 
In this chart and the o^plete list which can be seen in Leyden (1976), 
each of the concepts h^s a sub-concept suggested for each grade level. 
It is important to re?.lize that because some statement falls into th^ 
Second Level, does net rear, that it should be omitted at higher levels. 
Here is the First Level statement from Coping Behaviors: "An Individual 
should learn" to cope with the rights and feelings of others." There are 
many adults walking through life who still haven't intemallzed^rhat 
concept. Kow many of the statements listed has the' reader assimilated? 
The complete list of 76 statements night serve as an "OK Index" for the 
rcac^r — a barometer of OK-ness with themselves and with others. 

Vut what does all this mean? How do I go about getting this 
"stufr* into my lesson plan? It is really quite easy, as this example 
might Illustrate. Let us examine the second level Coping Behavior 
statement: "An indivldu^:.- should learn how to give and tnkc criticism." 
Certainly, this is another guideline that many adults cannot handle. 
3y making children aware of these ideas ear: • the elementary ^school . 
it will not only be an aid In career awareness but will also serve to 
produce mor^ people who are able to cope with the problems of life on 
the job and off the job. ^ 

Science has a history that is filled with controversial Issues and 
debate: Is light a wave. Mr. Huygens, or is it a particle, Mr- Newton? 
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PC 
0 



MAIOR COSCEPT 



C<rwln l<!«ntl- 
iUhU jttltudch, 

belidviora enable 
ijiiL- CO obctlii, 
!in]il, diid uJvoni'i' 
1)1 J tdfeer. 



In<!lviJujli> cjn 
iiNirfi tu pcrfnrifi 
.iJcqUiitt'ly In «^ 

I iw! t<'t»n»vi»t?>. 



Uff Involve** *i 



of tfif JccUlon- 

L(i I lie t'^.t.lb- 
;,i-rr.itri.i) 



RllADlNESS LEVH 



An Indlvlilujl 
biiouM liMrn 
to copt* with 

i-XclclbL-d by 



I)lrf»'rcni 
jkl ore 
pMj.i, . I'd for 
(llffi-reiil 



An In.llvlddji* 

tlUl" Wll.ll "d 
/nil" 111 Jilt! 



SUBCONCKPTS FOR ttPERIENCE LEVELS READINESS THROUGH SIXTH 



FIRST I.FVKL 



An Individual 
bhould learn 
to cui": with 
tbc riitlilJi and 
ft't'i;iiKi> of 



Several JikllU 
jre ri:(^wlrcd 
fi)r dl^fcrcnr 
tflsks. 



ditd cIk-sc 

( lwm^;t::^ Inf lu- 

rlujlccJ* ^iiiJ 
dc'i Ul^'na Of f.' 



he Idi'atlfU-J 



SKCOND 1,KVKL 



THIRD U:VEL 



An individual 
should learn 
huw to |«jve 
and take 
critic Uni. 



SutK bklUb 
can be tram*- 
ferrd fron 
one ]i>b to 
fliiolltcr. 



All liidlv!dui}]*fl 
dccldoii'i 
affoct liJnit,! 
and others. 



An V :!vldual 

' I'on^ldcr 
alccrii.-llvc uayj 
fo fcacli a given 
1 . 



A contribution 
to group effort 
can be made by 
dooumtit rating 
ability to both 
'.'ufnprumhc and 
cxi-rtbe influ- 
ence in achlcve- 
nicht of RfiMip 
liuah. 



Perfuriuaiu:e 
rcqulrcmiiitb for 
J |ub v.iry with 
thu wnik bcUlngt 



People diunijettnd 

lufluencc tlic 
cliolci.-j .ind dL'Ol* 
HiowH one tiiai(L!J, 



DeclsJon aj^iklnfj 
plavii a role lit 
the betting of 
IfnRicdJate and 



TORTH imi 



Ccrcaln behaviors 
arc appropriate 
to apeclfk Job 
ae» tings. 



Pcrfurindnce 
requirements for 
0 ]Qb aiiy change 
with tlu)e. 



PccIbIoh tndklnu 
Invulv' rhk«, 



The dcclolon- 
making proccbH 
can be used to 
bet priorities 
In developing 
pefiional goals. 



Fimi LEVEL 



SIXTH LEVEL 



There 1» a nniver- 
aallty of ♦^ellngs 
and aaplraclona of 
ali people— rcgnrd- 
ktfb of pliynlcal 
appear»ince, nation- 
ality. creiHl, sex, 
or ethnic barkiiround, 



It U important for 
a pert^on to be able 
to aake ■the transl- 
t Ion from on»f Job 
CO another. 



[leclslon oialtliig 
can precipitate 
chain reactlona. 



Settlnf] goalb can 
be enhanced by 
analyzing dcclalon- 
maklnr. proecs«ea. 



rhere are effec- 
tive InterperKonal 
relations skills 
[.)r giving ur 
evaluating insCruC- 
tlonii. 



There are clurac- 
tcriiitlcii which 
differeutlflte 
between occupa- . 
tlonti— both within 
tMid belweeu ]ob 
t^tiillli*:*, 



I'revluuK decUioHB. 
peera, Kratlfica- 
lUn\n, Di'ed.s, 
jhterebCt., and 
raicer Information 
intliu-n<:c preiicnt 
a»id future decliilonji, 



Ihc dirlylOh'iuaklnK 
\}tucv.r^ can be utied 
to di-Lcrmlnt oiie*b 
pre^'fenceH, at 
that |i*»Iut In tine, 
U'tween various 
)ob fwinllles. 



F:^. 2,— Devehiparntal Dlmenalonb Scope and licqaence 
^Thlf* chart iB'lnkcfi fr^/o Lcydcn (1976. pp. 2^ja-28^;) und 1b printed with the peralbjilon of School Sdcnre and MdiheinatlcB . 
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Older students could research this Issue, and perhaps even put on a 
debate dressed in 17£:h century apparel. Ask the children how they 
feel when criticized for something they believe in* How do they 
think wton and Huygens f elrV Why do people criticize? And by 
the way, which scientic. was correct: Newton or Huygens? 

It takes a lifetime to achieve equilibrium with all of the state- 
ments in the ETC scope and sequence chart, but by using it in the 
elementary school, 'many children will get a six-year head start in 
reaching this goal. There is more to a career than getting paid. 
The key to success in any job is not the financial reward or the 
number of college degrees held, but the inner peace that is secured 
as the perison whistled while hje/she works. One of the prime goals of 
a career avareness program is to help people be content with them- 
selves, their job, and their working peers. 

Junior and Senior High School : Once a child walks away from the 
elementary school,. t>.- concept of career education begins to emerge 
from the fantasy stage to the onset of reality. Students begin to 
obtain after school and vacation jobs. Some of the money that is 
earned is spent on clothes, records and good times. Part of it may 
ibe saved for a college education and in the traditit)nal sense, a time 
that will train them for a life of work. If an active, exciting 
science program was not provided for In the elementary school, then 
It will be difficult for the junior high school teacher to focus the 
child's energies on this discipline. Since most of the science 
courses at the high school level are electl.es, the child with a 
negative perception of the sciences will have his/her last course 
at the ninth grade. That would put r damper on the child's chances 
of working toward a science career that would require a college 
degree, but still many chances for him/her to get a science-oriented 
career would exist. 

One of the basic problems facing junior hi^;^ school teacher.<? is 
that the logical development of the child does not meet the tradi- 
tional syllabi of our sthools. In the Plagetian sense, most students 
are concrete operational throughout high school, and the types of 
science studied in these grades calls f~r formal operational logic. 
Understanding subject matter concepts calls for rational thought^ 
processes that are nor prese.it. Because of the student's inability 
to handle nbstract: ions within the discipline, it is almost hopeless 
at times to talk abowt the most abstract concept of all: a career 
ten years from now. But, a success oriented, activity-centered 
approach to science lessons is a vehicle thaC could cha'^ge the 
student's ability to h.=»ndle the discipline as as to project 

future career plans into his thinking. Leyden has discussed this 
issue in the writings noted the bibliography. 

Earlier, the ETC mc lel for career education was illustrated. 
The Educational Properties, Inc. planners have developed another 
model for secondary school students. Their categories include: 
Self Awareness, Appreciations and Attitudes; Decision Makinr; Educa- 
tional Awarnesss; Career Awareness: Ecortotnlc Awareness; Skills 
Awareness; and Employnblllty Skills. A complete list of the con-- 
cepts to be developed at each grade level are noted in Leyden and 
Peterson (1975). 



Under tenth grade Appreciations and Attitudes Is listed this 
concept: ^'Understand the importance of all careers and their con- 
tribution to society/' What is one way to inxplement this idea for 
students? 

Career awareness develops many odd-couple relationships ia the 
curriculum. It has been said that science is the art of looking at 
nature. This might or might not be true, but there is certainly a 
lot of art in sr:ience. A student with low ability, but interest in 
the sciences and high ability in art» might combine a ctareer in both. 
This person could construct posters » make dioramas, and take photo- 
graphs of variourx science-related things.' People with art and 
science backgrounds become museum curators, media people for scien- 
tific supply houses, cr scientific photographers • Aii art and science 
combination might not seem to *be a possible career outlet but, v^lth a 
little imagination, the two fit together perfectly. 



Some Closing Thoughts 

Why arc you reading this paper? Kov. did you, the read*-r, ever 
get into the position of re.;;dlnc; an AETS yearbook? How did you ever 
choose your career? What were the x^iportant factors? Fifteen years 
ago I was content to be a Junior hi^;h school science teacher and that 
vas the extent my career. Through some people who renlly turned 
me on to science education and luck of being at the ight place at 
the right time, here T :\m at the keyboard. There is a lot of *'luck" 
Involved in anyone's career success, but there is a lot of hard work, 
too. If students receive a solidly basic, sequential career aware- 
ness program, they will realize that they can uiake their own breaks 
through hard work and rational decision-making processes. They won't 
leave their life's work op to chance. 
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printed with the permission of rioughton Mifflin. 
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\ Careers in Science l'>iuyir.., -rir.a . Civil Service Commission. Basic 

Infommtion for pecplc dcsiriT.>; jobs In these fields with the 
federal government. 8 pp. 

E:^i^cer3, Scientists, ayic J^clatcd P>ro^^c3i^icKa in :':athcr7:aticc a?:d 
Statistics. v-lvil St -vice Consnisslon. Information nbouc 
entrance ievclji GS-5 and GS-7. Briefly describes the careers 
and requirements tor these professions. 

Jobs i7i Science. Science Rcr>earch Associates. Inc. Physics, chemls- 
trv^ biological sciences, earth r.elonccs — a variety o£ jobs in 
CO. of these fields is covered in thijr, booklet. pp. $1.50 

ea. , t: . 

Jobs in Technical Work. Science Research Associates^ Inc. Thii> 

booklet describes careers for technicians working in chemistry, 
physics, metallurgy, and other ^ircas, pp. $1.50 ca- • net. 

Occupational^ Gccls for Colle^:-^ Stzidcnta, Fart T: Architecture, 

Engineer ina, and the Phi^cicaZ- Sciences end Fc^t TI: Acrictiltrurcl 
and Related S.-ience3. The Ohio State University, Publlcat ic 
Sales Office. Faces about career proS|ieccs in '.hcse fields. 
Part I: 96 pp. 75c. Fart II: $1.50. 

Science and Enainecrinj. Inter tional Busincsr Macl.nes Corpf>rat ion . 
Outlines career opportunities f-^r engineers, sc entist , viathe-- 
matlcians, nhyslciim, prograTTOer:^ , chemists, and metallurpi^cs. 
Includes sections relacing co ISM c r.pnny producrs, benefits, an 
vorking environment. 

Search Science. Fnaineerinc end Felcted Career Hint:t. Sciesvtific 

Manpower ConCTission. The sixth edition of this bibliograplty of 
science career pamphlets. April 1971. pp. $1. 

Sources cf C.::reer Infcr'^aticn in ScientiStc yieldc. >t. nufacturlnv- 
Chemists Association. Specific sources of information from 
astronomy through vctorlnnry medicine, 1971-72. 20 pp. 
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/^jC£oncm\^ : 

A C'Xveer in Art:Y)ncr:^^' . Gives Inf v':^rmrsC ion on the nature of vork 

Involvcci In contemporary ascrcnomv, the schools having tr.xinlng 
?n this area, and emplov-mont oppor tunit ics - 

Career Guidance -.nd Fducaticnal 'icZc cn y.ei. crclcfju, American 

Meteorological Society, LitcrMturc on careers in metcorolosiy 
as the science of the atmc- hero. Material includes career 
booklet The Challrnjc cf rtcc^rcrrp:.., anci a list;1,ng of colleges 
having degree programs in meteorology. A book. Jpvortunit^es 
in Meteorclcjj , ir also available. 1972. $5.75* 

What Astronc-r^ Ts Abcut. American Astronomical Socle^v. What ristrcn- 
omcrs explore, nev finds in astronomy, experiment ' ng in o. Lronc::iy, 
astronomer's dutlcr- , and how to become an astronor. ' . 
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Atotolc EncrR v: 

Engine tjrt'*': J. Onk F.ldgc Anscci.nto J I'rs l\crslt ix>r*. Describes AKC 
program dcaic^ned to oncourAgo pror^isinc students co undertake 
graduate studies in these fields and to 5trenR^:^?.n nuclear 
prograx25 at ^2 partlcipacinf; univer^ilc lc5. Inci.udc5 outline of 
graduate programs at these institutions. 

Cai^ccrs -Ck Atcrric Fv.rrr::.. U.S- Atomic Tner^y Cotmission. The various 
ftelda cf chc atomic scientist. AI50 cc^ntains a selected reading: 
list on SOUTCC5 of financial aid co t!;e student, 27 pp* 

^^loyr:<JKt Ct\r>rr^;^^:*':::ri' in the -^Jtr-'^tc* ..-.crry Tru'li, Bureau of Labor 
Statistics, l.S, Dcp.^rtTr.cnt of Labor. The bulletin, designed for 
the vise of young persons intcrei^ted in the field of atomic energy 
provides infortnation nbout the major sclent if ic^ engineering, 
technical, and f^kiiled occupations: in this field, 4S pp. 50c. 
Order from Covernmenc Pr i-.u Ing Offic*^.- 



ChemlN try: 

Jarcrv Cpycrtt<K*.tZi::: 'r;* . American Chemical Society. This 

reprint from the M.irch i9:X lt;<=«c c^^* — Tr^rt;*:- gives i^ profile 
of chemistry todny. the cd\icatfcn req.»^r-d, and in format ion about 
selecting a college. 1-3 copies, no charge: multiple c^-t i?s, 5c 
each. 

CcTt:U'-^ -Jr: Siccher-ictri^ , Educational Affairs Comaittec, Asscri^an 

Society of Riclcgicnl C\- .ist?;. Inc. Fields of investigation, 
the scope of rc^^e^irrh cxn^cr planning. 4^ducaricn .zt^d training: 
costs* sal^ir ies , 'anc ':;ourcr*' cf further information in bio- 
chemistry. 1972,. 6 pp, 

C^^v^-rr^ Chr-'rrc-r.ry , Department of Cher.lstry, State University of NV 
York. Curriculum guide for chemistry detailing the biochCT: .sr ry 
and natural product? option,' and the vccd and polx-mer option of 
the College of Foro^strv, State University of Nov York. II pp, 

.-\nerican Chemical 5oclc 
t'j become a chemist and 

IG Chcr:zcr.: r<--.>:^.-:r{T> r:^r Car^-^rr /V-^r '^^uT American Chemic"*! Scciet>, 
Describes the pfcp.iration nocesj;ary for chemical zcchr.ici.ir.- , the 
various dx^tie*; thoy per:orm» and the Indurrtries that employ them. 
More than S copie:"^ 13c each, 

Prchr Tcnoi^r-C'V arr :: Chrr^z.^a'^. " 'c*::'.^'^^*:* Manufacturing Chemistry A5S0 
elation. Describes tho opportunities for young people in this 
field and the trnir.ir.c. nnri other q..al if icat ions desirable for 
entering i t . 12 pp . 



Seventeen questions an^i^ an?^ -er 5 about 
vhat It Is like to be a chor/Ist. 
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AC'i^redZted Curri-:Tu:c ZcadiK-: r^;jr-:rrrt-;r, Kngincer Council 

for Vrofcj**;lon.^l Dovelo;>*ncrtc , Annuw\l li<rt.irtg of accredited currlcii- 
in engineering. 1573c S pp. 

Ccm I Be CK FK.7t uH-rT Public ^Ncliitions Sc,nff, Gcr<^rnl ^{ctor^^ Ccrpor.nt ton , 
An outline of vhAC enirinccrs do, prcccllcsc cour*;^'^^ aoc the oppor- 
tunities for engineering gr.ndu^tccs. 19 

Ci^vili^^. Carcevr. ir:th t\r Tcrrr c:^/ J:>^::.n^*r?v<?, Corps of Englnet - . 

Dep^rtnent of the Arav, Describes opccrcuv^lt ios In resources :rl 
nlng .-^nd nanage^rcnt ; engineering An<: architectural desJigi^; topo- 
graphy, geodesy, napping, and charting ; hydroelectric power 
production; nucle.tr .•ever production: cnglrrering *and scientific 
research and devcIopc:ent ; indtcnces hov to turn interest to 
miction. Order frc::^ Ccvcrnrscnc Printing Cfilct - 1972- 33 pp» 



. , rcir^rr c-f ■yyycvT..^A^r.4 . S^tticnai Society of Profession.^! 
Engineerti. Booklet crxplatn^ er.. ..n rer ing md the prepAr.-;t Icn and 
educAtion-il ro-qu • r^-r^cnt.-- of engineers. vised 1^72. 12 I'p. 

r^*-^ £V:.rT>if'rr-*'r : -t^*: . /^oriCcin Society for Engineering Education. 

Give?; Inforr^r.t ion on zt-.c tcc^xvAclair.'^. place in society ^ cppcrtuTii-- 
ties, qu.-ilif iciicton:^;, .:o-:;t of edur.i :. icn . ;5nc fieldr* of 5tudy» 1970. 
?.l pp, SOc. 

The Futz^rc r. ^""r T-: ^^>:r-"rr . Lngincerji Joint Council* A projec-- 

tix^n of the pros^pccttvc .-utput o: nev engineering gr-uiuatcs shoving 
A grcving gap ^ecvccn supply nnd dee<^nd^ plus the "ate: c outlook 
figures rclciii.^oc by the l\ S , :epnrcn:Gnt of L^^hor, Bulk prices on 
recuest. pp - 



>-i:*.^cr:*.tr. r-:-r:>:rrr* C'-:r:'-c Sleek Sheep Beccrcj^ ^urrrrcur. 
Anericnn Institute o( T-du^tr:' .^^l Engineer??, Reprint from 7he .V'--"^ 
ycr.V Ti^---cr( trnctng r!-c tran^t err^At ion fross the "seat of the psnti^* 
approach to :hc soph;-.ticnted functions of tcday*5 industriril 
ertginrr^. 1971. 

Ctrfr J>vr>:rrr"fr:;r .^^r Ar:orlc^n Society of Civil Engineers, 

Vhac civil ingincerin:: produces, the v,:^riety of altern^itive 
cAreers in civil cr\<r^ir.ceriv.i;^ personal r oquirc^::cnts for s civil 
engineer, studies; required for a c^.v-.l engineering degree, the 
role of clvfl onKtnecring in c.^n!^truct ing o hotter vorld* A list 
,.of supplr ^ntnry re.-^ding ai^io inclivded* 

ycch^irzicaZ I^KsiK^ rr^^-: : .zt J,--. C'ow Chcn:ic,il Ccr^pany. Opportunities 
In the cechanicnl engineering (.\eld, with sr*r:ple5 of tasks one 
alght\ncountcr 3C thl::; cot:p.iny. l<r :'p. Slr.glo>:opy free to 
t^2«cher5 . 

:^clecr £:-:;:^-:^^rfr,v Ycur Fixture. .\r::crlc;:^n Socle tv for , 'Elngr.ncering 
Education. Llr.ts the . ho^Mengei; of consutr.cr 'vd indu5trin; 
pover, r^pnce cvrlcrntion, vater supply, -inc. prevention of envlrr^n- 
taental pol l-.^t i.-r, in ihe flel-:: of nucl^^nr enp i:w:-cr ing. .196?. 20 



^ pp, 30c, 
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Vcr^^ in EiwiriceriK- . Engineer5\v: Council. A compilation ct 

d«tJ% and expert opinion on cht r-Ic of vrr^^^n in the engineering 
profeiinion* 1972, 6 pp. >i/;;0. 



<k>cl<^ff.tc<tl Sciences and Oco.m -::iI?^^j::^lr::: 

* cists. Job opportunities cc^.bining Interests tn geophysics, 
geolog\% geotaAgnetic^? , hvdi-*>:offLy , occancgraphy , ^ci^srsology » and 
other related earth ?iclenre-^. '-10 copies free:' 11 or raore, 25c 
eAch* 

'Sr-rZ^u: Sci^'^c*- -T^'^d .^r 'Vi^rt::*^ • .vr.c^r.iC3Ti ueological In.stiiute, 

Ivevls^cd 19T2« 2S pp', Tei:.!! hcv gec!^:^c:lst5 vx^rk and live, vhere 
che'lobs .^re. ^^d vh.^c U r^ikes cc becot:ic a geolofii-St * 1^9 
copies, 35c e«ch; 50 or cc^ro copU^s, 2Sc each. Order:., ..r;ier 55 
oust be rre--J5id, 

""^t^r ^ -:r»:^ -.rr.-: M-^rir.e 7t:c>.nclcgy Sociecy- Career prcpsects Ir:- 

' oceAr:ographv;\>t^pIcNr^cTT: oos^ibtiitios vith the federal f.overr.-- 
©ent, r^rlvato ;n.du^.^crv, .md .^rlvorsir les; ccearsopri^phy cisrrlcijla 
iiifonM;:lcr. en z;arin.- r echnlcxon-.* -a rradir.g list, .:^nd fe.rther 
r?ourc^:s of inTcrri.^it ■ I PP- 

ueoiogica^ *.ns w. ... ^ ^-H-si. . ^. « w^^:* * * -.^^^ ^^^^ 

sc ienc c c n r c r . 



;^.v^c ■ -'^T crr^^-::: ycur r^cao't, Acerlcnn Society fcr 

'^^Xer^-^l'i- Tll5.;str'-r; c bc^oklec cl-cur^se^ the cppartiinltier. a^^d 
edicltiona! rcc'^:rcr.ont5. in -c ' 1 ^r^^.v .and relnrc^ occupations. 
2Sc e.tch in c-.i^ntir. y, 

.-^-^-rt^un* £r .'-'rr^r 'ur::>. Ancric;^r; Society icr Mcc^Is. 'H'* 

*rV*!,.lil'.,Z'^ -.^-..^^.^ Vh;ir ^^r^ jv.-.i il.ibl^ In che field of 

©etJillur?;y/ :0c each in cu^ntlcv. 

'xhe Hec.^vlurgicVl Scciec.y. Zr-.r. r:ccal l\:rsticai engineer, hts 
personal qu.-A' 1 f icar lens v e-::ucati:cnr>l r^- irec^cnts . £.r*ir.ri.- ,^jr,d 
vcrktn^ condirionf>, er.pIc^Trtcnt C'pporti:n: r les , future o<-:l^:>':ijrc, 
and a list ci .^ccrecired l:- iverr^l c ie>* .'>.nd ccllcpcs. 

Tn-r ^^r^llur'-tc:::! T-v-t-/ cr^;-- 7.^-^:-^.;:^^::-^ .\r:erican Society for Met-al 
A f;hort*' brochure pro%-:din.r i -.tcrrn.-^ tlon t^ct:jl?>/c:atcri3l5; t^^cy.- 
nology. 15^C e^ch in cu.tnti:y. ^ 

i 

Physics : / 

>" 

Derails nature e f work, cduciVlcnr.: rcc,ulrc«er.r s. financial ;ssi 
tancc. vorkinr. ccnditlons. c.-.r-n Incs , practic.'il hlrirs :cr secklnjc 
n Job, and csrplc^'Tscnc ouclock. lS/*2. $1. 



?h^eic9 as a Carrier. toerican Iniultvstc oi Phvf, ;c^^» Dl5cu.^i>c^ physi-ifi 
AS science nx'Mi as ii profc>r»lcn: phy^icl^stt^ In lnc^.u*cry, teaching, 
«tid the federal goverr^ent; th*? tr :.nln,5 cf th^^ phv5l.ci«t, and 



copy free; 2 or cso^rc rop l.cs 35c iMcn. 



Th^ -^^i? C^'^rc Sc'i.CKcc. Arr.^i-ric^i: In-^^tlCutc Phy^vt^tfi. Sors.r paths 

to explore In the circcr of hew greater ^*.^areness on the 

p«rt of the general public oi ncv technaioj:lcal problerus can U^Md 
to * Increased cppcrcunicios fer rese.trch !?c5:entl!>t:j*, teachers of 
5cl.n:cc AC all !-evcl<t. .ir/d coohnicl^n.^i in rer.earch or _ lo^_<;.^trl^l 
IftiK'tfltoricH. 



Asaertcan Assc-ciatloa for t^- 
Advanccsien t f Sc i er;c c 

EdUCAtlCTl 

1776 Mii:ft avi 'vHus o t : <^ ^-^ "i c 
Ui5.fth.tng con » T^C .;C05- 

V 1. n5t I o n ♦ ^^ C 1 -"^ 1 C 

, American M^^oci^tirrT. o: TV-x 
C^u^ii&--> .'li-'^^i Color 
AAfcC Technical 'Ccncer 

Research T;rl^r;g.wo T^rk, "^CC . 

A^aer.ican Cheslcal Society 

. 1 1 O"^. f f t c 
1I5S r 16<h 5::rcr: . 

Arser lean Gas As5.cc i;^ lo-'- 



teerican Instituce of Aero- 

aautlcs nnd Astrc^nautics 
1290 Avenue of the ^teerlcajs 
Ncv Vork. NY 10019 

.^rserican loi^tlcute of Industrial 

Engineers,, Inc * 
2i' T*2cT;.rjciogy Park 

A^cerlcan Ir.stltutc of Physica 

sev York, NT 1C0I7 

American Mereorc lexical Society 

Seacor* Strict 
Boston. yjV C21CS 

Aneric^n P<i?er !r. :itxir:«:^ 
26C Hridison Avo::ue 
Si-n.' Ycrk, NT 10016 



American bo^^ecv 

ir:^ HduCjiticr. 
Suite ^00 
One Dupont C'.rcic 
Washin.>;tcr. , DC 2 

Arrer j.c-:!;r. Society 



rK» o-n 
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2201 H Street. S^- 

'2I0C Pennsylvarjia .Wcr;^-. V 
Vashf ngton, DC ZCCi*^ 
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/c^crlc^^r* Scheie ty ci Civil 

3-5 East -"th Street 
Nev York, NY 10017 

The ^\net iCiin Society cf rh-Jtc- 

grAcssctry 
105 V.tr£*lnla A».-crr;e 
falls Church, 7A 22^^.6 
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The American. Society of 

Radiologic Technologists 
645 North Michigan Avenue ♦ 

Room 620 
Chicago, IL 60611 ^ • 

American Technical Society 
848 58th Street 
Chicago, IL 60637 

Assoclatloa- of Official Analystlcal 

Chemists 
Sox 540 - - 
'icnjamin Franklin Station 
Washington, DC 20044 

%■ 

Bausch & Lomb 

Science Award Cojmnittee 

Rochester, NY 14602 

Dow Chemical Company 
Bars tow Building 
2020 Dow Center 

Midland, MI 48640 ; 

1 

.E. I. du Pont De Nemours & Cc», 
Inc. 

Public Relations Office 
Photo ' Products Division 
Wilmington, DE 19898 

Eastman Kodak Company 
343 State Street 
Rochester, NY 14612 

Education Council of the Graphic 

Arts Industry, Inc. 
4615 Forbes Avenue 
Pittsburgh, PA 15213 

Educational Affairs Committee 
. Society of Biological 
Chemis t s , Inc - 
9650 Rockville Pike - 
Bethesda, MD 20014 

Electronic Industries Association 
2001 Eye Street,, NXC 
Washington, DC 20006 

Engineers' Council for Professional 

Development 
345 Ea'st ^yth Street . 
New York, NY 100.17 , 



Engineers Joint Council 
345 East 47th Street 
New York, NY 10017 

Gemologlcal Institute of America 
11940 San Vicente Boulevard 
Los Angeles, CA 90049 J^^ 

General Motors Corporation 
Public Relations Staff 
Room 1-101 ,<^iGeneral Motors 

Building - 

Detroit, MI "48202 

Health Physics' Society 

P,0. Box 156 

E. Weymouth, MA 02189 

Institute of Gas Technology ' r 

3424 South State Street / 

IIT Center ' ' ( 

Chicago, IL 60616 ' \ 

Manufacturing Chemists Assoc iatoon 
1825 Connecticut Avenue, NW 
Washington, DC 20009, 

Marine Tiechnology Society 
1730 M Street, NW 
Washington, DC ,20036 

Mathematics & Science Center 
2200 Mountain Road 
Glen Allien, VA 23060 

The Metallurgical Society of AIME 
345 East 47th Street 
New York, NY 10017 

National Aerospace Education 

Association 
806 15th. Street, NW 
Washington, DC 20005 

Natioiial Center for Information 

on Careers in Education 
1607 New Hampshire Avenue, NW 
Washington, DC 200b§'- 

National Council" of Teachers 

of Mat^hematics 
1906 Association Drive 
Reston, VA 22091 
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National Education Association 
Customer Service Secpdioi^Sl 
1201 16th Street, \ 
Washington, DC ^^036 

^/ 

Conmittee^ oa International^ 

Relations 
National Education Association 
1201 l6th Street, NW 
Washington, DC 20036 

Na'tion£.l Science Foundation 
1800 G Street, IW 
Washington, DC 20550 

National Speleological Society 
Committee on Educational 

Opportunities in Speleology 
George Pshenay, Jr., Chairman 
178 Walker Hoad 
West Orange, NJ 07052 

National Speleological Society 
Dr. John R, Holsinger 
Research Advisofy Comniittee 
Department of Biology 
Old Dominion University 
Norfolk, VA 23508 

Oak Ridge Associated Universities 
Box 117 

Oak Ridge, TO 37S30 

Opticians Association of America 
1250 Connecticut Avenue, NT^ 
Washington, DC 20036 

Plastics Education Foundation 
Maurice Keroack, Education 

Director 
Four Loma Lane ; . 
Loudonville, NY 12211 

Science Research Associates, Inc. 
^Guidance Services Department 
259 E. Eric Street 
Chicago, IL 6C611 

Science Service 
■1719 N Street, NW 
Washington, DC 20036 

Scientific Apparatus Makers 

Association 
370 Lexinigton Avenue 
New York:^ NY 10017 
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Scientific Manpower (Commission 
2100 Pennsylvania Avenue*^' NW 
Washington, DC 20037 

Shell Oil Company 
One Shell Plaza 
P.O. Box 2463 
Houston, TX 77001 

Society for -Industrial and 

Applied ^Mathematics 
-33 South 17th Street 
Philadelphia, PA 19103 * 

The Society of Exploration 

Geophysicists 
Howard Breck, Executive Secretary 
Box 3098 

Tulsa, OK 74101 

The Society of Mining Engineers 

' of AIME 
345 East 47th Street 
New York, NY 10017 

The Society of Naval Architects 

and Marine Engineers 
74 Trinity Place 
New York, NY 10006 

Society of Wood Science and 

Technology 
P.O. Box 5062 \ 
"Madison, WI 53^05 

State University of New York 
Department of Chemistry 
College of Forestry 
Syracuse, NY 13210 

Syracuse Pulp end Paper 

Foundation, Inc. 
State University o£ New York 
College of Environmental 

Science and Fcrestry 
Syracuse, NY 13-:ia 

Technical Education Research 

Centers • 
44 ^ttle Street 
Cambridge, MA 02138 

The Upjohn Company 
Kalamazoo, MI 49001 



Water Pollution Control Federation 
39Q0 Wisconsin Avenue, NW 
Washington, DC 20Q16 

Woods Hole Oceariographic 

Institution 
Woods Hole, MA 02543 

National Aeronautics and Space 

Administration 
Counseling and Career Guidance 

Officer Code FE, Educational 

Programs Division 
Office of Public Affairs 
Washington, DC 20546 

U.S. Atomic Energy Commission- 
Division of Technical Information 
Box 62 

Oak Ridge, TN 37830 



U.S. Civil Service Commission 
Washington Area Office 
Washington, DC 20415 

U.S. Department of Labor 
Bureau of Labor Statistics 
Washington, DC 20212 

Teacher Exchange Division 
Division of International 

Exchange and Training 
Institute of International Studies 
U.S. Office of Education 
Washington, DC 20202 

U.S. Office of, Education and 

Training 
Smithsonian Institution 
Washington, DC 20560 
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PART III: INFLUENCE AND INTERACTION BETIVEEN SCIENCE 
EDUCATION AND SOCIETY 




In Parts I and II of this Yearbook, the Venn diagrams which 
nave served as a logo for this Yearbook, have indicated a 
directional flow from Science "Education tq Society or from 
Society to Science Education. The double-pointed arrows of 
the. diagram for this part illustrate its emphasis. In a sense 
the em!phasis is on the arrows; the nature of interaction -and 
influence. Some of these papers are more philosophical than 
those in other parts of the Yearbook. Nevertheless," in some 
sense they define the parameters of the practical suggestions 
In earlier parts* . ' / . 
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Many of the papers in earlier parte of this yearbook point to 
the affective, valued-oriented nature of science/society problems. 
Some suggested using value-clarification techniques for exploring 
the science/society issues in classrooms. The emphasis of Gene 
Cermaro^s and Allen Glenn^s papev is on the treatment of values 
in a science classroom . ' 



EXPLORING' VALUE ISSUES IN SCIENCE TEACHING 
Gene Gennaro and Allen D. Glenn • 



INTPDDUCriON 



A commonly held belief among scientistis and science educators in 
the past was that the science curriculum as taught in the schools was 
to be value-free. Science teachers helped students xinderstand 'the 
. basic concepts and the relationships of a particular discipline of 
science and taught students the various skills of problem solving and 
scientific inquiry. It was not that science didn't have topics that 
raised important value questions nor that scientific inqtiiry did not 
involve a particular value system, but simply the fact that" both the 
teacher and the curriculum developers simply chose to'^avoid issues . 
which might raise questions about the "rightness" or ""wrongness" of 
a specific topic. Science was to be objective in the pursuit of truth 
The interrelationships between various scientific findings and their 
societal impact was given little consideration in the. curriculum. 

During the past decade the impact of scientific research and 
—technology and its effect on society has come into sharper focus . 
For example, as a result of research work in recombinant DNA, a 
ftindamental question for sociecy has been raised: should scientists 
have complete freedom of inquiry or should, in the final*- analysis , 
"^e public decide what areas of research are permissible? 

The questions pertaining to recombinant DNA and other science- 
related issues such as those concerning the environment have led to an 
increasing awareness- on the part of the scientist, the teacher, and 
the student that scientific advances may solve some problems while 
creating new problem areas. An increasing nunoer of Individuals are 
Interested not only in the basic scientific principles involved in the 
' study of ecology, for instance, but also in what should be done about 
^various environmental problems and the alternatives available in their 
solution. An individual' is values have a significant impact on how the 
individual believes a problem should be resolved. 

As a result of this incretsed awareness of scientific-societal 
Issues, science teachers are becoming aware of the need for/ dealing 
with value-related topics, in the science classroom. If science teach- 
ing is to be relevant to today's student, it must deal openly with 
Important issues of a scientific-societal nature. Science t.eachers, 
^ \ 



therefore, need to incorporate, along with their treatment of both the 
"process" and "product" aspects of science, the valueassues associated 
with a particular scientific topic. Failing to do so would produce 
students who are scientifically illiterate. Failure to make students 
aware of the issues associated with the science being taught will mean 
that the students may not be in a position to understapd, let alone 
vote on issues which have a scientific basis. Shortly: after gradua- 
tion, students will >e asked to make choices on issues which may 
require trade-offs. If, as an example, the United States moves from 
the use of oil to coal as a source of energy in society, pollution 
standards may have to be" relaxed— or life styles changed. In the past, 
controversial issues were primarily left fpr social studies teachers 
to handle, but since social studies teachers often do nOt have the/ 
science- background for knowledgeable treatment of some Issues, science 
teachers will need to .treat such issues in their classes. No longer 
can science teachers simply choose to avoid such areas or leave them 
for special sections. 



j VALUE RELATED ISSUES IN THE 'SCIENCE CLASSPDOM 

Dealing with value topics in the classroom is a matter a science 
teacher should not do without some forethought. A teacher cannot anti- 
cipate all the various outcomes from a discussion or treatment of an 
issue; however, thinking about several key issues related -to dealing 
with values in the classroom may enhance the learning .experience for 
both the teacher and the student. . These factors will be treated in 
two general sections in this chapter. The first focuses on considera- 
tions before dealing with value-oriented topics and the second presents 
two strategies for teachers to deal with such issues during the class. 



CONSIDERATIONS BEFORE DEALING WITH VALUE-ORIENTED TOPICS 

What Are Values? 

There are a variety of definitions fov the term values . Using 
the work of James Shaver and his colleagues as a basis, the following 
definition seems to be useful: . 

" Values are our standards and principles for judging worth. 
They are criteria by which we jiidge people, objects.^ ideas,, 
actions and situations to be good, worthwhile, desirable; 
or, on the other hand, bad, worthless,^ despicable; or, of 
coursfe, somewhere in between these extremes (Shaver and 
Strong, 1976, p. 51). 

As we interact with people in various situations, we may apply .our 
values consciously in making various decisions or we may be unaware 
of them in the decision-making process. 



Personal values assist the individual making value judgments about 
various Issues. For example, "I feel abortions should not be permitted 
Is a value judgment. It is based on a value that may be expressed as 
the "sanctity of life." As individuals, we sometimes use these values 
as a basis for making decisions about a particular issue. Values are 
both affective and cognitive in nature in that they etnbody and convey 
feelings which may be refined and clarified, but often they are also 
based on well thought-out concepts and informational data. 

Value conflicts arise becaiise of differing value stances held by 
Individuals (Interpersonal value conflict) but can also arise as a 
result of differing values. held by the same individuals (Intrapersonal 
value conflict) . Teachers need to realize that people are inconsistent 
at times due to their compartmentalizing of situations. It Is impor- 
tant for students, then,' to realize that these inconsistencies exist. 
Students need to deal rationally with these discrepancies. For 
example, polluting the air by smoking may be thought of by some indi- 
vlduals as quite different from industry's polluting the air with 
their smokestacks (Shaver and Strong, 1976). 

The number of value areas having a scientific basis which raises 
Issues for the individual and society are varied. They, may be divided 
Into categories associated with: (1) the, environment (e.g., energy, 
population, pollution, land use, natural resources, weather control, 
quality of life); (2) genetics and biomedlcine (e.g., genetic 
engineering, genetic screening and counseling, race and I.Q., organ 
transplants, life-death issues, medical priorities); (3) theology and 
religion (evolution, birth control, amniocentesis, abortion, behavior 
modification, human experimentation, hunger);. (4) dev -loping techno- 
logical-, scientific and pseudoscientif ic fields (nuclear energy, 
recombinant DNA research, biosociology, parapsychology, acupuncture, 
astrology) . 

There is an obvious overlap among these categories cf issues. 
For example, cne cannot consider certain environmental problems 
without considering their impact on the health of individuals within^ 
society. Methods such as abortion clearly get into discussions of 
both theology and population control. Recombinant DNA research 
tould be considered as well under the category of genetics and bio- 
medicine. / 



Determining the Significance of an Issue 

The importance of issues will need to be assessed, issues should 
not be included in a course solely because they are controversial. 
If they affect or will affect the life of the student in the future, 
and he has to or will have to make a personal decision about a 
particular issue, it is "fair game" for treatment in the classroom. 
Some issuer , . although not urgent or even seemingly, important, might 
be included solely for the sake of interest. Presently cloning and 
some other esoteric fbrns of genetic engineering are not really 
urgent problems facing society, but students may be interested in 
reaching tentative conclusions about these and other similar issues. 
If one looks caref-n^v, however, at seme of these issues, they do get 
at some fundamenta. rrihts and responsibilities.. For example: What 
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traits m humans are desirable? Should we seek optimum man or unique 
men? Is there a difference between genetic., therapy to correct genetic 
anomalies and other genetic manipulations? If the quest for genetic 
improvement is continuous, would it invariably aake chUdren super- 
ior"" to their parents and hence, institutionalize generation gaps? 
(Tunny and Levine, 1972). 

It is not possible to include all the various value topics in any 
particular science course. As a professional, the teacher must con- 
stantly choose among the topics available in selecting what should and 
what should not be included in a particular science unit. Before 
selecting a topfc, a teacher needs to ask hinself ot herself several • 
key questions. The first set of three questions is related to 
student interest in art issue. These questions are: 

1. Is this an area of wide social concern, an area generating 
problems for large nunibers of people? 

2. Is this an area which, in addition to widespread concern, 
is also of concern to the students I teach? 

3. If it is not of concern to the students I teach, am I 
likely -to have reasonably good luck in getting them 
concerned? 

If the topic is one in which people have an interest and specific 
opinions, there is a greater possibility that students will be more 
interested in exploring the issue or that the teacher will be capable 
of generating student interest. 

Ability of the Teacher and 
Students to Handle the Topic 

The second set of questions focus on the,.teachers' ability to 
competently handle the topic. These questions are: 

4. Is this an area which I am capable of handling competently? 

a. Vhat are my values related to the topic? 

b. Am I willing to accept different value positions? 

c. Do I have enough knowledge to. deal with the topic? 

5. Are the students mature enough to handle the issue? 

6. Can I deal adequately with the- topic? . 

It is important that after reading about the various sides of a 
'topic that teachers consider their own position on the issue. A 
strategy that may be useful is to rank the criteria as to their 
relevance and importance to the issue before presenting material 
to the class. After examining the issues related to the value 
dilemma, students may ask what the position of the teacher is on 
this particular topic. The teacher should be prepared to respond 
honestly and give reasons for his/her position. , 

<j . ' ■ • ■• 
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Is the Issue one which would give the teacher gfcat difficulty in 
allowing students to accept a point of view different from the 
teacher's? C«n the teacher assist the students in the cxploAtlcwa 
of the topic without leading them to the "right" conclusion— the^ ;) 
teacher's? If the answer is "yes" to the first question and "no" to 
X the second, the topic should be avoided. Since we live in a pluralis- 
tic society, students Med to exacdne as many sides of an issue as 
possible so to avoid a biased point of view. Students should be 
encouraged to come to a conclusion af,tcr all sides have been pre- ^ 
sented and discussed. Being open-minded and willing to change one s 
point of view on the basis of new evidence needs to be recognized as 
an essential part of critical thinlcing. In attempting to treat an , 
Issue fairly without indoctrination, the teacher needs to be"" careful 
In presenting the materials so that the teacher's stance will not be 
given away before students have a chance to make their choices. 

Materials are selected and instructional activities are developed 
to maximize student learning. The same care needs to be used in the 
classroom. Teachers will need to consult general rearling materials 
such as the newspapers , popular magazines like Time and Newsweek to - 
be able to incorporate the materials into the plans for a unit. Maga- 
zines such as Science Newsletter , Nr.tional Wildlife , Nature , Scien- 
tific American . Science, -Bulletin for the Atomic Scientists , to mention 
' ■. only a few, contain articles and editorials which deal with controver- 
sial issues -having a sciantific basis. A booklet prepared annually by 
the American Association for the Advancement of Science is particularly 
good for identifying issues and sources of information on the issues 
(Daubach, 1976). 

After working with a group of students over a period of time, a 
teacher can judge the emotional and Intellectual maturity of the 
class and their ability to deal with various topics and with each 
other. Before introducing a topic^ for study and exploration, a teacher 
needs to ask, "Is this particular class mature enough to handle the 
issue?" For example, the introduction of materials raising issues 
related to sexual reproduction may be inappropriate for students at 
a certain grade level or age. The students may lack both the emo- 
tional maturity and knowledge to deal with the value questions raised 
by such material. 

It is wise, therefore, to think about the ability of the students 
to handle value-laden topics. Unfortunately, most teachers under- 
estimate the ability of their students to emotionally and cognitively 
deal with such topics. Teachers too often believe their students 
to be too young, too immature and too lacking in background to explore 
a topic. In fact, it may be the teacher, not the students, who cannot 
handle the issue comfortably. 

The last issue to consider when thinking about reactions is the 
Individual teacher's ability to deal-with various student points of 
view. It is, of course, impossible to anticipate how all the students 
wlll'react.. ' However, it would serve the teacher well to ask, "What 
are the possible reactions students- might have to this' topic and how 
■might I deal with them?" It may happen that a particular student may 
,have had a personal experience that has influenced his/her value 
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position andUmay react strongly to a topic, *For example, a student 
who ha^ had a parent die of cancer recently tnay have great difficulty 
discussing the Laetrile issue. Forethought on the teacher's part may 
enable the teacher to <|eflil with various student reactions. 

Some Issues aay be too complex for students, at^ a certain grade 
level to handle. For instance, if students are not able to handle 
arguments for evolution versus special creationv It is fruitless to 
discuss the Issue and attempt to give the pro and con arguments. 
If students do not understand what recombinant DNA Is or why socio- 
biology is controversial, the topics ought to be delayed until a time 
when they can^understand the topic. Kore resMrch needs to 4>e <ione 
In dctermlirtng when children and adolescents can deal intelligently 
with specific value--laden issues- It would appearv^icrwevcr, that 
^en slemencajj^^ school children can deal intelligi^ntly with many 
environmental Issues. Kohl berg has shown that children and adolescents 
go through developmental phases in thdlr ability to move from more ego- 
centric decisions to ones^hat are more altruistic (Kohlberg, 1966). 



The Classro^ Envi^ronment ^ 

Another question related to the issues discussed previously focuses 
on the overall classroom climate in which an analysis and discussion are 
to occur • The question is: 

?• Has a classroom climate been developed that Is conducive to 
the exploration of a value-related topic? 

^ / ... 

Iii essences rhis question aslcs,- "Do the students feel that they can 
explore a topic and disagree with the teacher and other students without 
fear of ridicule or cressure to say the right thing or reacH the right 
conclusion?'"* Ihe creation of such an environment is not an easy task. 
\ Students learn very quicjcly to be aware of "what the teacher wants" and 
to give back the dcsi5€a answers at the appropriate time. If discussion 
is to occur in a:; open manner, where the student feels as free as possi- 
ble to say what, ho or she has fopnd and believes » an appropriate class- 
room climate must be developed over time. A teacher pust build* into the 
variou ? interactions that occur within the room a respect for another's 
opinion end the right to disagree. If students are accustomed to open 
dlscusslcr.s and are not afraid to express their opinions on o.ther 
topics, they will be comfortable when tourchy subjects are haudled. 

Teachers al^b need to be 'tonscious of non-verbal communication 
patterns such as body language, eye contact, smiling and nodding, and 
their impact on student's openness in communication. Teachers need to 
be aware of verbal patterns as well. Reinforcements such as "good" 
may be* detrimental since students who do not share tjie opinion of the 
student who is being reinforced «iay feel the teacher's response Is 
showdUig agreement with the reinforced student. Students should not be . 
graded on their value stances, and the teacher must respect the indi- 
vidual's choice to participate or not to participate in a value 
discussion. "Active listening" in this kind of setting may be fact be 
a good method of use since it is self-correcti^^ and says to the 
student, "I have heard you so well I can repeatN;hat you have said:'* 
Teachers need to be aware that intonation can also give away feelings. 
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It tftay be well to tnvolvc* «cudenc» In i^.fstablinhlng rules for clann 
«tudy of controversial topics. ExasapXe» of such rules are: when pre- 
senting facts^ sources sho\ild be cited; and no one person should be 
allowed to dominate the discufjsion. If feelings run high^ the discus- 
tion should be stopped and continued at another tiae. 

Before proceeding the teacher needs to examine thi classrooxa 
environment • The type of cnvlromnent will have iraplicftlons for 
deciding whether to use a particular topic for^ discussion and which • 
type of 8tra!.egjr to employ. 



CutTl cuius ^ftd the CoraBunity 

Two final questions need zo be considered before a decision may be 
made. These are: 

8, Are there materials in the school and cotsaunity to assist in 
the exploration of a selected issue? 

9,, How docs the conounlty feel about the topic? - 

The first qiiestion is instructional in nature: can the teacher find 
enough informatior. to deal with the various issues involved? .Are mater- 
ials exploring both sides of the issue available? The type of materials 
can and does influence the student's understanding of an issue. For 
example,; if only materials representing the arguments for SST manufacture 
are available^ students cannot explore the Issue In a reflective » 
objective manner. The teacher *s selection — or lack of selection — has 
predetermined the conclusions students may reach and nay greater inhibit 
classroom discussion. 

The second question is more of a political nature* A teacher who 
enters into a topic of potential value conflict should first look at 
the broader community in which this discussion is to take place. Is 
this topic one in vhich various groups within the community f^ve 
strong feelings? If so» what are these feelings and what might be the 
consequences of introducing a discussion of this nature f5i the classroom? 

A teacher needs to consider the potential repercussions* This does 
not mean that a teacher only chooses "safe" Issues — topics that have 
little, likelihood of creating problems — for discussion, but only that 
the teacher is sensitive to community feelings^ For example, if a 
teacher teaches in a community where certain religious gi;:oups believe 
in the literal interpretation of the Bible, the dlscussio\ of evolution 
should be considered carefully to ensure that a balanced view is pre-- 
8ented« Some other topics vhich might be considered *Ttiot" would be 
abortion^ certain aspects of sex education^ and certain environmental * 
issues which may be tied to jobs of parents in the community. The 
problem of the dumping of asbestos ^fibers into Lake Superior by lleserve 
Mining may be handled quite differently by the children of Reserve 
Mining's employees than, by other groups of students. In many cases,, 
• however, certain topics would be less controversial in a cotmcunity if 
parents' were shown the materials befor^ehand and asked for input. 
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After considering the questions posed above, a teacher taay be 
tempted to say, "Forget it" because dealing vith a certain value 
^oplc My be too much* trouble, What ia suggested is that the 
teacher make the same carefully coxisidered decisions when deciding 
about the inclusion of value-related ii^sues as he/she does iwhen 
considering other copies to be included* 

After taaking a decision that a specific topic should be included 
la axi instructional unit, the teacher is then faced vith the question, 
•*What InstruccicnaX tsodel should I use?" Like -any teaching strategy, 
there are numerous -?ariatiox3is of any proposed mode and the field of 
and the field of values education has many models and accompanying ^ 
strategies* Tvo gc r-erai models vill be -suggested, . [. 

two OTELS Fos Dealing wtth value topics . 

Two aodels for 'dealing vith values have received widespread 
attention among educators. One is the affieccive clarification model 
and the second in the analytical/decision-<aaklng approach* \ 

AJEfectlve- Clarification Yxodel 

The affective clarification taodel or values clarification approach 
was developed by Loui? Saths and Sidney Simon (Raths, Haroin and Siaon, 
1966) - This approach is concerned with dcivtlcrping techniques for 
assisting students to think about and clarify their own values and has 
heen nod ifled over the past fev years. 'Essentially clie values clarifi- 
cation aodef suggests that the tea^rher-^rovlde stimuli to elicit 
studenc responses which call for the student to state a value position, 
for the teacher to accept this position, and then to assist the student 
in clarifying his/her position. The role of the teacher is not to 
carefully' explore each student's position but to "gently nudge'' the 
student to think about his or her own values. 

Affective clarification proponents suggest a x'ariecy of:;jiethods 
to assist students - Value sheets., role playing, contrivec incidents, - 
values clarification exercises, and clarifying, responses are all 
suggested aethods (Si=on, Howe," and Kirschenbaurs. 1972). Belov is 
an exanpie- illustrating r!ie values clarification technique. 

A Value Clarification Exercise in the Use of Transplants : A 
total of 55,000 persons die each year. in the United States of kidney 
diseasel About 10,000 of these people are suitable for transplanrs 
or dialysis treament, but only 1,500 to 2,000 undergo dialysis or 
transplants- 

At the present tiae« the cost for a kidney transplant is approxi- 
mately $15, poo" and following surgery, up to SI, 000 per year. is needed 
CO cover the .costs of examinations." -— 

Hospital dialysis costs $35,000 to $50,OOJ5 per y^r.._ 



Dialysis iix an ambulatory care facility generally is betveen 
$14;d00 and $?0,000 or taore per year* 

Hbine dialysis-costs between $12,000 and $20,000 the first year 
for the purchase of equipment, training find other f acilttiesi:^ and 
$4^0O6\ to 16^000 per year a^^^ 

Seventy percent of the^Tcidney transplants using cadaver donors 
are successful and 90 percent of t^e transplants usiug closely 
relatfctd, live donors aife succe^ful. 

' . • ■ • • \ • ' • • .. ■' 

In toany states, under existing laws, t^^ cons'ignmenf .of a body 

or its parts to science can' be . denied by the nexty^f -kin, even 

though the deceased. nay have wished it, 

Who 'should h'ave the final say so as to whether orgaTis should be 
taJcen f or transplantration? 

\ ^ The patient before .he. has died . r 

• The next-of-kin _ 
I don't 'know 
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What questions does this raise? 

Do you agree with' the followi ig statement : Only those who are 
able to pay the large fees necessary for transplants and dialysis 
should be eligible for kidney transplants or dialysis. 

Yes 

- No , ' ^ ' 

I don ' t know 



What questions does this raise? 

Do you agree with the following statement: The government should 
'foot the bill" for kidney transplants and dialysis. 

Yes 

No . 

I don't know 



What questions does this raise? 

If this were to becotae available to ail persons living in the U.S., 
there would most certainly be a shortage of .available kidneys, for 
.transplants and doctors for doirg th'etn. Also, we- would not have 
enough dialysis machines* ^ho should make decisions as to who 
receives a transplant^ or undergoes dialysis? 

■ " A group of specialists such as urologists. 
^ A group of people, chosen at rankota from a list of college- 

educated individuals / . ^ - 

, ■ A «otip of people chosen at random f rdm the general population 
■'^ ~ 'A groxjp selected from priests, ministers, and rabbis* 



What questions dbes this raise! 
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If you were a member o£. such a board, stid yo^j could onl^p select 
one of the following for a tranjfclanc, to whom would you decide to , 
give a transplant? 

^ A' father with a wife and two children 

^ A mother with a husband and two children 

An unwed mother with two children 

A widower with two children' 

What questions does trhis, raise? 

If you were a mevher of such a board and you could only* save one 
of the following, to whom would you decide to give a transplant? 

A politician 

J A scientist 

A doctor 

A teacher , ' 



/ftfhat questions does this raise? 

So -as to eliminate decisions of this type from haviilg to be made, 
bow would you go about changing the decision-making process? 

A teacher who selects the values clarification approach should be 
aware .of several factors related to this technique. First, the focus 
is on the individual , not on developing decision-making skills related 
to a particular issue. Simon and others do not suggest the teacher 
discuss an issue in-depth 96 as to arrive at a solution to a particu- 
lar issue* _^.In essence, th7S approach can be used quite effectively 
by the teacher who does not x.rant to spend a lot of class, time in 
dealing with the value aspects of a topic but who wants to get students 
to think about their own personal value positions. Using this approach 
is not meant to help students either individuall^^or as a group to 
analytically study an issue or to develop the accoS^j&nying decision- 
making skills but to get the studfent to think about *the value issues 
raised by the topic. ^ - 

Second, a teacher ^needs to be aware that probing a stxident^s value 
belief system is something that needs to be done with sensitivity and 
respect., Simon and others provide several guidelines in this area -w. 
(SJmon, Howe, and Kirschenbaum, 1972). A practical . question a teacher 
might ask is "Would I be willing to share my opinions on this issue 
'with my students?" If the answer is "no," maybe the teacher has no 
business asking a student the question. 

Analytical Decision-making-Models 

As students are confronted by issues that cause theiu to think about 
tl^eir own values and the values of others, they quickly realize that 
their own values may conflict with those held. by other students. Also,.^ 
as attempts are made to resolve scientific-societal issues such as ^ 
pollution^ studeric's find there are few simple answers. In fact, there, 




nay -be considerable conflict in attempting to resolve a pa;rticular 
pollution problem. To assist botli the teacher and the- students in 
deallrl^ with value conflict and developing decision-making skills, 
more systematic, rational models may be used. i 

A variety of analytical decision-making modeli: exists in the 
educational literature, especially in the area of social. studies 
education (National Council for the Social Studies, 1971)^^;Each 
^model varies to meet the unique approach of its developers. However, 
each model suggests that the students follow a process that includes 
(1) Identifying and clarifying the basic question; (2) assembling 
facts about the basic issues involved: (3) assessing the fac^iial 
assertions; (4) examining \he relevance of the" facts; (5) arriving 
at. a tentative decision; and (6) determining whether or not the solu- 
tion is* acceptable. In this model the effort is made not only to 
examine an issue that has v^lue conflict on an individual basis^but 
to assist the student in -a"^^ structured learning experience to study 
the issue and make a decision on^the issue. 

' Such models have direct implications for the classroom, rirst, 
utilizing an analytical model to explore a value topic entails the 
expenditure of more class time. Whereas the affective clarification 
strategies may be inssrted into an instructional unit without the 
_cos„t_pf^^yoh class time, analyzing lvalue conflict issue in-depth 
requires more class, student and teacher time. Secondly, the analy- 
tical models call for the teacher to play a more involved role in the 
areas of discussion, data collection and hypothesis testing. The use 
of jin analytical model requires a stronger commitment on the part of 
the teacher. Below is an example of an approach using the analytical 
model. . - 



Recombinant DNA Using the Oliver -Newman Model 

. Students would be given an issue to discuss such as: Should 
recombinant DNA research be allowed? . Students \rould be allowed 
enough time to read arguments pro and con on thex^issue and then 
given enough time to discuss it. \ 

In discussing issues of this type, people generally get involved 
in several sub- issues such as (a) moral or value issues* (Should scien 
tlsts have complete freedom of inquiry?); (b) definitional issues 
(What is recombinant DNA? What is "shotgun experImentat:ion" in DNA 
research? What are P-A facilities?)^ t and (c) issues involving facts 
and explanations (Would following the National Institute of Health 
guidelines for recombinant DNA research help prevent the escape of 
newly created organisms?) (Oliver and\ Newman, 1967). 

After the discussion in which the teacher serves as moderator.,, 
an analysis of the discussion can take place which might include the* 
following questions: 

!• What were the basic issues discussed? Which of these were 
moral, value issues? Which were issues requiring facts or 
information? 
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Was agreement reached on any issues? Which ones? <> ... 

How did most students support their statements? Did they 
primarily rely on Ca) common sense, (b) reference to 
authorities, or Cc) other well establish<*d claims? 

What, was the biggest stumbling block to your discussion? 

How effective was this model in helping your group reach a 
decision? ^ 

Very effective . Effective 

Somewhat Effective ' Not at- all E^ff.ective 

-This type of discussion might be carried out by small groups if 
it appears that within the, small groups, there is diversity of opinion. 
In that case the teacher xrould move from group to group as a listener, 
not as a participant • Afterward, students could share what happened 
within each small group xdLth the whole group. \ 

One of the ways that value topics could ie handled in the schools 
would be in science and social studies inter-|lsciplinary classes^ In 
such cases, students would profit by the expertise in subject matter 
of the science teacher and the knowledge of social studies teacher in 
the handling of associated value-related topics. The teaching of such 
Inter-^disciplinary classes would insure that the data related to 
scientific topics would be presented and decision-making skills would 
be taught. Until interdisciplinary teaching becomes a more common 
practice in the schools, science teachers x^ill need to learn models 
and strategies for dealing with values associated with the topics chey 
are teaching* 

ADDITIONAL COMMENTS ABOUT THE TREATMENT OF SCIENTIFIC- 
SOCIETAL ISSUES IN THE SCIENCE CURRICUIiJNI 



A democratic society has as one of its cornerstones a belief in 
the worth and dignity of the individual. A goal of the school is to 
assist the -student in the development of his or her abilities in a 
humane manner. Included in this growth is the development of a value 
system that is based on an intelligent, rational foundation. 

If. these factors are indeed a part of the school's function, the 
teacher's role is to assist the student in development of his or her 
Intellectual abilities and, value system^ This means that the teacher 
must not only be concerned that the student learn the basic ir^forma- 
tion associated with the discipline but also allow and assist students 
to diiscussr issues that concern them and society and help^ develop the 
skills to enable them to make decisions as adults. 

The teacher must be willing to attempt to present a balanced, view 
which attempts not to indoctrinate students "to a particular point of • 
view but instead seeks to present. various positions and to permit the 
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student' to make a- final decision. In some cases, this may mean p.er- 
mittlng a diverse number of value positions within the classroom,-: 



In order to achieve this goal^ in summary, teachers must be 
willing to: 

1, Include topics that raise value issues and questions. 

2. Develop instructional strategies to explore valua-relate^d 
Issues. 

3* Develop a classroom atmosphere that is conducive to dis- 
cussion and the sharing of opinions. 

RESOimCES 

During the last several years a .xrf.de variety of educational.^mater- 
ials has been publisKed focusing on values and value education in the 
public schools. It is not the purpose of this section to list all 
these sources, but simply to point' the interested reader in the proper 
direction* excellent book that discusses various approaches to \ ■ 

values education and related materials is the Value Education Source- • 
book: Conceptual Approaches, Materials Analyses, and an Annotated 
Bibliography by Douglas Superka, Christine Ahrens, Judith Hedstrom with 
Luther Ford and Patricia Johnson. The book is available from: , Social 
Science Educijtion .Consortium, Inc. 855 Sroadway, Boulder, Colorado 
80302. Any teacher interested in a comprehensive overview of values 
education and student and teacher materials 'should*- examine this book. 

' ■ ■ ^ . ' * 

The readings presented below are exemplars of materials that a 
teacher might examine to gain additional, insights , into a particular 
approach. From these general sources a teacher could then explore 
other publications. * 

Rational Analysis \ ■ 

Metcalf, Laxnrence E. (ed.). Values. Education: Rationale, Strategies, 

and Procedures . Washington, DC: National Council for the Social^ 
Studies, 1971. ^ „^ ^ 

Newman, Fred M. and Donald W. Oliver., , Clarifying Public Controversy; 
An^ Approach to Teaching Social Studies . Boston: Little, Browr 
1970. . c 

Shaver, James P. and William Strong. Facing Value Decisions: 
Rationale-building for Teachers , ^elmoiat , CA : Wadsworth 
Publishing Company , Inc . , 1976.', 



Values Clarification 



Casteel^ J. Doyle and Robert J. Stahl^ Value Clarification in the 
Classroom; A Primer > Pacific Palisades, CA: Goodyear 
Publishing Co Inc., 1975. 

Harinln, Merrill; Howard Kirschenbaum; and Sidney B. Simon. Clarifying 
Values Through Subject Matter . Minneapolis: Winston PRess^ 1973. 

Rath;-Lpuls E.; Merrill Harmin; and Sidney B. Simon. Values a'nd Teach-- 
Iri^; Working with Values in the Classroom . Columbus, OH: 
Charles E. Merrill Publishing Co., 1^06. 

Moral . Development \^ 

■ .;m - \ ^ ' ■ 

Fcnton, Edwin (ed^). Holt Social Studies Curriculvim . New York: Holt, 
Rinehart and Winston ,\ 1969-75. 

Kohlberg, Lawrence.'- "Moral Education in the Schools: A Developmental 
View." School Review , Vol. 74:1-30^ 1966. . 

Rest, James. "Developmental Psychology as a Guide to Value Educalrion: 

A Review of Kohlbergian Programs." Review of Educational Resea:rch ; 
Vol. 44:241-259, 1974. • 



^ . REFERENCES . 

Dasbach, Joseph M. Science, and Society — k Bibliography , 6th Edition. 
Washington, DC: American Association for the Advancement of 
Science, I77ri Massachusetts Avenue, NW, 20036. ' V 7 

This is a yearly publication which lists topics and articles which 
treat social issues having a scientific basis. It Is an excellent 
bibliography, -obtained for a nominal amount. 

Harmin , M. ; H. Kirschenbaum; and S. B. Simon. Clarifying Values Through 
.•• Subject Matter , Minneapolis: Winston Press, Inc., 1973. 

This book describes techniques and strategies to be used in ' 
different subject matter areas. There are representative examples 
for earth science, biology, chemistry, and physics. There is a " 
particularly good chapter, "Using the Values Strategies with Sub- ^ 
ject Matter," which deals with environmental education and which . 
would be useful to examine diverse 'techniques in value clarif lea- 
) ■ tlon. . ■ . . • • ^ \ ■ ■ • ■ 

K^hiberg, Lawrence. "Moral Education in the SchoAls: 'A Pevelopmental 
'View." School Review , Vol. 74:1-30, 1966.^ \ 

A treatment of the moral -development point of view from the lead- 
ing proponent of that view. 
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Metcalf, L^* E, Ced.l. Values Education . Washington. DC; National 
Council for the Social Studies, 1971. 

This is the 41st yearbook of the National Council for the Social 
Studies. It is particularly good for looking at objectives; 
strategics^ procedures, and resolution of value conflicts using 
a cognitive, rational approach to value education. 

Oliver, D. W. and M. Netmann. Taking A Stand . Mlddletown, CN; Xerox 
Corporation, 1967* 

This is an American Education Publications Unit Book, adapted from 
the Harvard Social Studies Project. The approach is a cognitive, 
rational one for dealing with public issues in the classroom^ 

Rath, Louis; Merrill Harmin; and Sidney B, Simon. Values and Teaching . 
Columbus, OH: Charles E. Merrill Publishing Co., 1966. 

This book outlines the basic philosophy underlying the Raths et al 
values clarification approach and presents selected stratejgies for 
use in classroom. 

Shaver, James P. and William Strong. Facing Value Decisions; R ationale- 
bttjLlding for Teacher^ , Belmont, CA: Wadsworth Publishing Company, 
Inc*, 1976. 

This paperback book deals primarily with a rational cognitive 
approach .xfllthin a democratic context. There is also a chapter 
on the values:clarification,iiiodel and the cognitive developmental 
model of Kohlber^'s. - 

Simon, S. B.; L. W. Howe;--an-d H. Kirscheiibaum. Values C larification. 

New York: Hart Publishing Co. , Inc. , .1972.' ^ 

This is a handbook of 79^ strategies for teachers which show the 
many divers-e ways of handling value topics in the classroom, using 
a humanistic approach. 

Tiinney, John and Meldon E. Levine. "Genetic Engineering." Saturday 
Review , Vol. LV, No. 32:23-28, August 5, 1972. 

This article deals with the political and moral issues of genetic . 
engineering. , \ ' ■ ^' 



Tke cutture of Western civitization has become more and more 
scientific^ The use of science has at the^ same time modi fied -one 
way at looking at science itself. . There are essential differences 
between ancient and modem science. These differences include: 
(1) What is a yroiper question or problem and C2) Ect^ to study these 
problems. Science/society 'issues must be studied from an inter- 
■ disciplinary point of view. A synthesis of ways of knowing^ a more 
wfiolistic, approach is needed. Bob Samples looks at Western culture 
and seBS science transforming itself in this direction. 



SCIENCE, MIND, AND EDUCATION 
Bob Samples;^ - • 

V 

— liDOKING BACK 

Thrpughout the history of Western thought^here have been vorldly 
philosophers reflecting upon science. At different times, several 
have described science as ,being a context of Inquiry, based upon three 
assumptions. The asstmptions are: 

1, The universe contains order, 

2, ' That order can be discovered; and " 

3, It is important to understand this order. 

It ^Is popular to think of science as the study of order"^ the 
.universe. For centuries, the geometry of snowf lakes, spiderwebs, and 
the. motion of heavenly bodies have driven the human mind away from 
myth and superstition toward order. On this journey. there emerged 
abundant evidence to convince the seeker that order was its own- reward 

The substances of the earth were early-on ordered in the alchem- 
ists' vision of fire, earth, air, and water. From there, hundreds 
of minds took these substances and wove them into intricate, though 
badly loomed, testimonies of order. It took Democrltus to. venture 
the claim that there were more than just these four basic elements* 
In fact, there were dozens. Further, Democritus argued that matter 
was comprised of tiny particles of the substance it represented. 
These tiny particles he called atoms. 

At the same time the human mind searched for order in the|minis- 
cule world of the atom, it turned outw^d into the heayens. Relying 
on the rich observations made by the Stmerians, the Greeks took up 
the tasks and tried to fix the relationship between earth and other 
heavenly bodies. Order was to be had at both ends of the physical 
.world's extremes. In the centuries that followed, the skies were 
looked upon for data rather than just for "signs." Science became 
more important than astrology as the sky was searched. 
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The elaborate geometrical gadgets used to make observations by 
Tycho Brahe'and, later, Johannes Kepler gave a refinement to the con- 
clusions of Copernicus. In a sense the iirstruments provided not only 
astronomical data but also created a ctimate of favor for /mathematical 
methods. With the advent of the telescope a 'whole new domain was made 
available by wedding instrumentation with mathematics. A new kind of 
metliodology was bom • • • the extension and amplification of human 
senses* 

' ■ ' /. ■ 

It took the work of Newton and Descartes^ to provide the philo- ^ 
sophlcal. energy to insure that mathematics would become the primary 
medium for the emerging art of science. It was they xmo guaranteed 
thjat if something could be counted, measured, or expressed' mathc zti- 
caily, it was capable of being scientific. Simultaneously, theoretical 
models of electricity, magnetism, and the structure of matter began to 
be created through the application of mathematics to physical study. 

Finally the new medixfia of Inquiry, mathematics, added strength 
to the. quality of science that would guide it for the next three 
centuries — reductivism. Some credit* Descartes with this, cl aim ing- 
he sponsored the reduction of problems into more discrete, manageable 
parts. His belief that there was iiniversai order created another 
premise: science must be studied from qualities of simplicity toward 
the more complex. -These two ideas plus his creation of methods to 
apply algebra to geometry created a veritable explosion in the percep- 
tions of science that were woven on the loom of mathematics. It 
would be centuries' before Marshall McLuhan would claim "the mediimi 
is the message" and for this great age of order-making in science, 
the laws that spewed forth were considered to be^true rather than 
what they were— statements that follow from that list of a priori 
assumptions regarding the order of the universe in the medium of. 
mathematics. . . * 

Strangely enough at the scale of the earth-sized and human-sized ^ 
domains, the tapestry held together. So elegant were the interwoven 
thread^s of assumptions and evidence .that finally the belief that order 
was discovered became accepted. Yet there were difficult times ahead 
in the inquiry that was to lead into the world scaled toward the atom 
and toward the universe. 

The nineteenth and twentieth ^centuries gave rise to periods of 
study ^pf atomic structure and galactic "order" that witnessed a nearly 
continuous abandonment of the described "Nex^onian" order of earth- 
sized science-mathematics. New kinds of order. began to be assixmed 
and then tested. There were times that perception of models and pre- 
sinnp'tion of models became so intricately interwoven that it was 
difficult to determine if the investigators had proof of order or 
had presumed order and were mathematically exploring it. Telescopes 
and cyclotrons became the technological arenas of this exploration 
of • the material and hypothetical. They too were inadequate and 
their nerve center was created: The^ computer. 

The computer became central to science. It was after all an - 

awesomely efficient storehouse and analyzer of data. Information 

could be Inserted, compared, retained, or ^discarded, or any 

• ' ^ \ ^ ' . 
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combination of these. Whereas the* instrxamentation of the past had 
been sensory amplifiers, the computer became a ratiocinative ampli- 
fier, an extension of human capacity to reason. This manifestation 
of aiathematics' role in science stands as a cathedral to the original 
Cartesian catechism. The computer has become a veritable altar on 

which the religion of rationality is consecrated. 

* • 

LOOmG AT NOW 



ThTe decade within which now is the termdLnal interface is perhaps 
the most tumultuous in the history of science. This tumult is not the 
result of amazing new discoveries such as DKA> , neutron stars, or any . 
of a variety of new particles. Instead, it is linked to what science 
Is not,. rather than what it is. We are beginning to see the growing 
' edges of uncertainty about the very premises upon which science is 
based. 

■ ^ .. ' ' 

Instrumentation and theory have progressed to the point that we 

are clearly seeing that mathematics as a medium has within itself the 
capacities of the mystical. Both the world of the atom and of celes- 
tial objects possess this same quality. Scientists are speaking* 
freely about how those droves' of mathematically expressed data regard- 
ing the order in the universe are held together by highly tentative 
assumptions. Just as Descartes questioned all evidence derived by- 
"^the senses and warned us to suspect evidence, gained through mathe- 
maticsf today's computers with their subtle souls seem* to follow. 

A Wost eloquent spokesperson for the emerging awareness of the 
limits in subatomic physics'ls Fritjof Capra. ^Capra's work portrays 
the knowledge about subatomic particles as a series of overlapping 
circles like so many drops of rain on a pond. Each circle is a field 
of data which, true to its unique assumptions,, describes the charac- 
.teristics of a specific quality of matter in terms of mathematics 
or instrumentation. Each of these areas of knowing is internally 
consistent, yet some overlap. This overlap provides" mutually validat- 
ing qualities derived from different kinds of €«:ploration. Such 
overlap is taken as .having a higher prohability of accuracy. Yet at 
a larger scale, precious little of what is known about matter has this 
mutually validating evidence. Instead, what is known is. based on 
evidence of overlaps several links down this chain of data. 

Capra' s thesis, which has been emerging in one form or another 
through the works of all the major, theoretical physicists dLn this 
century,- is that uncertainty is upon us. Capra points out that our • 
modes of reductive, analytic thought which are the modes of science 
and mathematics, have led u5,to the limits of their applicability. • 
Cit is important to note that there is no anti-rationality in ST^ch 
claims. Rather there is such a complete honoring of the rational 
process that such modes of knowing are considered for that which- 
they can do and not denigrated for that which they cannot do.) 

The Western d^-scovery of these limits has brought us, through the 
media we have chosen, the rational thought modes of science and mathe- 
matics, to levels of awareness manifested in Taoistic thought. It is- 
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comfortable for the ^Western mind to deal 'in dichotomies and thus the 
infatuation- with. Eastern and Western vorld'viei^ is popular'. Zen^ 
Buddhism or Taoism as a .philosophy is well documented thrpughout hximan 
history and is easily labeled Eastern in this dichotomy* Yet Taoism - 
is paralleled by Hinduism'^ ^Brahmanism^ and dozens of spirxt^ual views 
held by cultures throughout the world that have not invested in the 
symbolic record kieeping of writiiig, including Native American/ 

Basic to this alternative world view is a simultaneous acceptance 
of the mystical as well as the rational* Whereas Western thought 
strives to pursue and eliminate the. mystical, the Eastern -forms of 
thought acknowledges and honors both. The honoring of the rational 
appears to be done xri.th more of -a sense of humor as it is clear that, 
to Eastern thinkers, rationality is a game. Conversely, a sense of 
the mystical is considered more normal in Eastern thought, as is the 
ambiguity that accompanies it. When one considers apbiguity to be the 
appropriate condition of thinking, then attempts at the reductive 
elimination of ambiguity appear to be exercises in futility* 

It is at this meeting point that the major departure between 
Eastern and Western thought takes place. Just as the choice of words 
in the previous sentence suggests (meeting/departure) , it is not a 
comfortable place to be. The Western thinker strives to eliminate 
ambiguity and thus must stand mildly bewildered as it contemplates 
the rhetoric emerging from modem physics. Uncertainty is the only 
certainty>. Matter is pattern and not substance, and it can apparently 
be created and destroyed. • - 

The mystical , vision is returning to* Western thought through the 
very instruments of logic that were first marshalled to drive it/out. 
We are perhaps discovering that we can extend our consciousness *as 
surely as we have perfected our ability to extend our reason. Ein- 
stein said It best when he claimed a sense of the mystical was a most 
profound and beautiful emotion. It' was, he claimed, the dower of all 
true science. 



LOOKING AHEAD 



Modem neurophysiologists have determined that the cerebral 
cortex in humans is lateralized. At least this seems to be true in 
most technologically dominant cultures. One, side of the cortical 
brain is specialized in performing-^tfiose mind functions that are . 
logical, linear, sequential, and time-or<Iered. This is the left 
cerebral hemisphere in most persons.' On the opposite sid^ (the right) 
the mind function is specialized that handles analogic, metaphoric, 
and wholistic thought. . ' 

It is easy, with our Western tendency (or is it compulsion? ) to 
dichotomize, to call these the Western and Eastern hemispheres.^ But 
neither the data nor the moral necessity exists for such folly.) 
Instead, let us proceed with the mind functions being as dualistic - 
and complementary rather than dichotomous and opposite.. It is in the 
synchronous use of these modes that the promise for the. future resides. 



Strangely, It may veil be modem physics thiat gives us permission 
for this vholism at another level. Karl Pribram in neur ©science and 
David Bohm in physics have complemented each other *s work in^regard^ 
to applylngjconcepts of holography toVbrain function. There is a groy^ 
ing body of^research that suggests that thoughts are encoded in the 
brain In a'holonomic vay, That^ls, a thought is a pattern of activity 
In the brain rather than the linear circuit proposed most consistently 
by neuroscientists during that last century. These patterns proMde ^ 
^Intrinsic structure within the brain/mind field, a structure that 
interacts with the extrinsic structures connoted by science and mathe- 
matics*. " ' ^ 

- The concept of the holonomic brain is compatible with not only 
neurophysiological- theory but physical theory as well. In terms^of 
the Tieurosciences, it helps explain why massive brain damage can 
result and the bra'in will continue to function in; a Reasonably* normal 
'taanher — a circumstance completely untenable In the linear model of 
the brain. The concept of Che hoJ.onomic brain also can easily 
'incorporate lateralized brain data as well as supporting far more 
wiiolistic vision in regard to psychology. 

The holonomic concepts create a model of brain function far more 
consistent with models of physical interaction inherent in quantum 
mechanics. Evidence is persistently growing that matter is a pattern 
of energy and that no specific model,* whether wave or particle-based;, 
can suffice to explain what is observed. New mathematics, called 
curiously "catas trope theory,'* have emerged to cope xrf.th the process- 
ing of the- data derived from the subatomic ambiguity. Such matheratics 
providi a. more dynamic vision of the physical and the neurophysical. 
In a crious way, the brain in its Western context -may have inventec 
physics as a medium to reason itself into an accept^ce of the 
mysticism' that Eastern cultures have acknowledged all along. 

That we at this interface idlth tomorrow recognize that. there ar.^. 
varying world views, that there are different modes of , thinking, and 
that science and mysticism are in fact as inseparable as parent, and . 
child, then the hope for a clearer vision emerges. In celebrating 
this vision^ it is necessary to treat the preceding with neither 
defensiveness nor aggression. This essay, though spending most space 
on vignettes from Western thought and precious too little on Taoistic 
thought, is to culminate in a series of propositions to be mindful of., 
in education for the future • But to go on, it must^ be clear that 
science and mathematics are not testifying to their own demise. They 
Instead testify to the transformation of the assumptions on which they ^ 
as world-view and intellectual methodology rest , • 

But in pragmatic terms, what is this transformation of asstmp- 
tlons? To return to the list at the beginning of this essay, one 
TDflLght rexinrite it as follows: 

1, Humans have the capacity to perceive order in the universe, 

2, Humans can also invent "methods to , verify their perceptions. 

3, It is sometimes interesting and useful to do this, 
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In addition, the list could veil be 'expanded to Include' these 
possibilities: 

4. Humans have the capacity to perceive unity in the iniiverse 
Cvhich requires no precepts of order),- 

^ .5* They can invent methods to experience this perceived unity; 
and 

6. It is , sometimes Interesting and useful to do all of thes6 > 

What all this means is that Descartes' gifts were exquisite for 
using reductive methods to fragment wholistdc thought into contexts, 
of higher specificity and precision* However, they were limiting laet 
methods for developing a^ complete world view. The contrary argument 
that reductive methods have led us to the "proof** of this premise, 
are pointless to one who may have embraced Zen or certain -Native " ^ 
American philosophies. Such persons, it would be. claimed, "knew it 
alt^-alpng.** 

Now where does this tal:e us in education? Eere I wild proposes 
series of recommendations that are intended to provide a more whollstlc 
possibility for instructional practices in education, curriculum and 
research and evaluation. . * 

INSn?UCTIONAL PRACTICES ; 



Most instructional methodology has a predetermined linearity in 
both content and in process. That is, both the conceptual material 
to be taught and the way it is to be taught are pre-planned. Tlexi- - 
blllty generally exists only in the utilization of a narrow range of 
alternatives that are designed to get deviating students back on the 
path. The .establishment of linearities in process was the primary 
contribution of the revision of instructional' strategies durin? the 
past two decades. 

The whole realm of learning disabilities and learning d;, • * .ac- 
tion is established in regard to a narrow range of expectations. 
These expectations are the historical '*basics" in both skill and con- 
tent areas. That is, they are the three R*s and the basic concepts 
In "science, math, and social studies and, of late, the htzaanities* 
The basic disadvantage of such approaches is that even in the 
simplistic, lateralized mind model they nurture only the reductive 
functions of half the brain— the 'left hemisphere. 

Instruction must become whole-minded or,. more precisely, holonotai-* 
Ically minded. To facilitate this it might be well to extend 
instructional concern in the domain of the following recomnsendations: 

*A more pluralistic vision of "aonronrlate** content . Arguments 
may no longer te maintained that separate the content of any 
disclpliiie from another. 
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^An honoring of the non^ratlonal skills of exploration in ideas 
and cQgoaunication , Jtoveaent, visual and auditory expression 
must be^stablished as valid nedia of ' expression— media as 
legitimate as the tnore abstract* symbolic systems of logic 
represented by the t&cee R's. . . ^ 

^Planning t^at honors spontaneity on an Individual level s Recent 
treads -in individuaiized instruction seldom relate to spiontaneity. 
Instead they focus on students doing the same linear thing at 
• different rates* The synergic context of instruction (that is» 
/the blend of ideas^ skills, teachers, and students) should 
establish vhat is taught and the ways in vhich it Is taught. 

w 

*A higher level of honesty between teachers and students . Teachers 
are not the harbingers of knowledge. They are the knowledge ♦ 
Dlshoocst^eachers create a charade around this point They 
become the primary medium through^ which the curriculum is trans- 

' ttitted. Teachers should s^pcept .and admit this role. 

;^^ More humor in instruction . Even as staid a thinker as Arthur 
Koestler has acknowledged humor as the primary medium of cotmon- 
place creativity. Humor can and does celebrate proliferated 
fonas of knowing. 

^Alternatives to lesson planning . Many teachers have transformed 
their teaching (and life) styles by compiling diaries of the 
previous wGek*s experience rather than writing lesson plans 
each Friday. 

CURRIOJLUM 



Because curriculum has been primarily a recounting of history, it 
has -been dominantly reducti-ve in the modes of ^thought required. Only 
the arts and language arts have held any real promise to counter this ^ 
tendency and seldom are they used to do so. The arcs have within them 
an inherent energy for transformation. A drive for" invention and the 
nutrients for creativity ail abound in the arts* Yet the past decades^ 
have seen inordinate funding and developmental focus in the sciences 
and not the arcs. This tendency entrenched the reductivism of thought 
so consist^t with history. 

To; rejpeat^ the arts contain* the caoabilitv within the curriculum 
for tfaosformation, but seldom have they been used toward such ends- : 
In most places the arts are presented: in as reductive modes as is 
science. Taxonomy appears as an' emphasis in '^schools" of art, ^ance, 
and music. Evolution and history dominate curriculum presentations 
In regard CO the varieties of artistic experience. Art generally is 
reduced to an ornament to the progression of reason^ rather than as 
central to 'it. 

/ An artistic vision', must be added. to the acieatific vision for 
wlujiistic curriculum. As surely as mystical vision created science. 
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science Is at the dawnpoint of a reinstatement of a new, mystical 
vision, .The arts vill be the primary media of this enterprise. 

On these bases, I see the necessity for the following: 

^ ^An honoring of the non^" rational modes of exploration in the 
basic, linear content areas of traditional curricula , (That 
is^ movement, music, and visual expression in science, math, 
social studies, etc.) 

*A creation of methodologies in metanhoric and proliferative 
thought in order to balance the reductive methodologies central 
to the federally-funded-and publisher produced science, math, 
and social studies curricula created during the past two decades , 

*A wedding of the practices of afflTmation of knowledge with the 
v osslbilities of invention of *'new'' knowledge . This differs 
from "discovery" approaches in that neither teacher nor student 
knows the actual results of the inquiry ahead of time, 

*Wider>mse of spontaneity in currlculum^as contrasted with 
''programs" and highly organized cburses of study , 

RESEARCH AND E\;UU\TION 

Though in theory research and evaluation are different, in prac- 
tice they are usually the sane. Both in practice are dominantly , 
reductive. The methodology of research is more openly ^reductive as 
it sets up elaborate game-plans that result in a supposed kind of 
objectivity in whatever study is chosen. The most common* outcome 
Is a bland kind of objectivity that is displayed in predictably 
trivial results. It is this quality of trivia that renders most 
research superficial to the real issues in education. 1 1^ remains 
therefore as the rices of passage into a px>sslble mindset of medio- 
crity. ' ' 

^ Evaluation Is in danger of conveying the same mindset in class- . 
rooms. Its reductive components tend to excise major qualities of 
thought that represent the whole mind context spoken to earlier. 
Most evaluation is focused in a summative philosophy rather than 
on fonaative criteria. Though few evaluators would agree in theory 
that sussaative evaluatrioni^ls reductive, in practice it nearly always 
is. Thus at *the risk of being accused of over-simplicity, I will 
equate evaluation and research in the following recommendations: 

♦Research and evaluation models should accept the legitimacy 
of divergence in results as well as convergence. 

♦Research and evaluation^ should include strategies of synthesis 
and ^nion of disparate ideas as well -as strategies of analysis 
and separation ef ideas. 

# ' - ■ 1 ■ 
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♦Research and evaluation strategies should explore the tjualitii 
of positive entropy as well as the qualities of reduced or 
negative entropy. 

♦Research and evaluation models should realiga with strategies 
of description more likened to natural history than the 
analytic reductionlsm of controlled manipulation. 

♦Research and evaluation should expand from solely counting 
'responses to extrinsic manipulations, to the counting of 
options intrinsically chosen by students, 

♦Research and evaluation should shift from digital to analogic 
modes of analysis. 
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Bill Ramey has written a very personal- paper about values ^ 
grotjsth^ self-actualization and how these qualities can he nurtured 
in a science classroom. 



THE ESSENCE OF LIFE 
Bill Romey 



IirrRDDUCTORY VIGNETTES 



I. . 

/ 

"Arc you "busy, or can I come in and talk for a vhlle?" 

After standing hesitantly in the open doorway to my office, Kathy 
came in and jumped onto a stool beside the table where I had been 
writing. After a few moments of just looking at me, her brow 
furrowed, she spoke, her words pouring out in a regular torrent, 

"I just can't deal xriLth it any more, I've xjorked and worked. 
I really want to do well. And now I've just flunked, my science final. 
I know the grades don't mean anything about me and what I'm really 
worth, but I feel so awful. ' I worked so hard all term, I'm afraid 
I'll never make it." 

Tears of frustration and disappointment poured down her cheeks. 
It seemed that the people running. her courses. just didn't care; about 
her at all. All they cared about was the subject matter of tl^eir-/ 
courses. ^ 

II. 

Sue came in to talk about her work in an '*open" science class we 
had conducted. Eer credit came almost automatically ,1^ whether she did 
anything or not. We had tried to nourish "her, to let her sense out 
interest in her personal growth and learning, and 'to invite her 
participation in as many ways as we could. A idLde range of opportuni- 
ties had been presented to her. Yet her course feedback sheet said 
she wished we had forced hereto work. She felt guilty that she had 
not done what she "should." Her guilt feelings led her to blame iis 
for not making her work on her geology, the subject she really wanted 
to studyr.^^she said. ("But I couldn't study what I wanted to because 
I had to work for my exams in other pourses.") 

Both Kathy and Sue are taced with important personal conflicts, 
Kathy in a situation where she feels no one cares^ about her and her 
real learning, and Sue in an open and caring environment where she 
knows people care about her but has not yet learned to take. 
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responsibility for herself • Both people externalize the responsibility 
for their failure to achieve. For Kathy it is failure to achieve in 
someone else's eyes. For Sue, it is failure to achieve in her own 
eyes* Both are involved in one of the most important growth exper- 
iences in their lives: learning to cope. 



III . 

Don was preparing to teach earth science. During his student 
teaching he tried- many ways of getting students more in touch with 
themselves and with each other as well as getting excited about their 
subject matter. He had a constant battle with a master teacher who 
wanted him to do conventional lecture and lab work. Although Don 
received only lukewarm evaluations from the master teacher, a number 
of parents communicated with our offices that Don was having extra- 
ordinary success in helping their children grow and learn. At one 
time, Don decided he could never really make it a conventional 
teacher. Now, he has a job working with disturbed children in a 
special school. .He got through the callous, non-empathic treatment 
he received from many school officials, perhaps because his university 
program was a caring one.- 




Dan thought he had developed a good rapport with his master 
teacher. Dan is a loose, student-oriented person full of contagious 
vitality. He has all sorts of games and tricks to keep his students 
Interested. He is also delightfully human, such as the time when he 
accidentally sat down in the middle of the model glacier made out of 
apple jelly. Another time, just>after warning his class to be 
especially careful of the open ether bottle, he swept the bottle onto 
the floor himself , in the middle of some .grand gesture. Dan is able 
to make mistakes and to use them as a source of humor and .enlighten- 
ment. His students were learning lots and felt goo^ about science 
and science-related issues. Then, at the end of a grade period, the 
master teacher substantially lowered many grades Dan had given. 
Dan protested, and the students got a petition going to express their 
resentment for this unfair interference. The principal hauled Dan 
Into his office, shouted at him, berated him as a trouble-maker, and 
ordered him to leave the school immediately, without being allowed 
even to go say goodbye to his students. This occurred three days 
before his student-teaching was to end. Dan survived this assault 
and is convinced he did the. right thing, defending major principles 
concerning his responsibilities toward his. students and his duty to 
protect them agair^t toxic wrongs he sensed, Dan is now in a full- 
time teaching job in a private school, still wrestling with institu- 
tional rules, but surviving and growing. 

■ ■ . ' ' ■ ' ' 

_ ♦ 

Rich teaches science in junior high school. He is devoted to 
working personally and' individually with students, but he has a 
principal^ who demands rigid lesson plans daily (180 pages of them 
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last year aloneY^ tightly conceived beKavioral objectives^ fomlity 
In the classroom,' punishment, control, accountability. This 
administrator applies coercion by means of manipulation of salaries, 
teacher evaluacions, extensive files on each^^teacher, and other means 
of keeping people in line. During the peribd of pre-tenure evalua- 
tlon» he clearly intends 'to try to shape Rich into his own image. 
But Rich Jias decided that he has a- simple existential choice: to 
cower and be automatized or to let his administrators think they have 
him^tn line, but to do what he must to show his caring for students 
in quiet ways in his own classroom and to wait. Rich loves "these 
people' that pose as students." He is caught in constant conflicts 
but resolves these- in favor of the individual students rather than 
±n favor of the rules established ia. the school as a whole. 



iSEEKING THE ESSENCE ^ 



Centeredness, change, balance, growth, self-actualization, 
dynamic equilibrium', conflict resoluticto,' caring. These are ideas 
that come first to mind as I think about an "essence" of life. What 
relationship, if any, should sci'fence teaching have to these kinds of 
things? These represent to me what make human beings special and 
different from. other creatures. Animals don't appear to look back 
or ahead in time or to show much evidence of inner conflict. They 
don't stop to think or plan. Their behavior -seems largely automatic, 
giVen certain contexts, or "autistic" as Pierce (1973, 1975) labels it. 

These ideas seem to relate more to individtxal human beings than 
to society at large. Since such concepts lend themselves to intro- 
spection, self -analysis, and contemplation,, don't they represent a 
narcissistic and selfish kind of focus? Shouldn't we be more con-, 
cemed with wider kinds of societal problems? Can we afford, ^s 
some have put it, to wallow in person-oriented, aspects of learning 
and growth? \ 

**As a species, we have made rather a mess of our world, Laing 
(1967) points up the alienation from which we all suffer in a society 
where fantasy, "magic," mystical experiences, and other "abnormal" • 
personal experiences are not valued. 

The condition of alienation, of being asleep, of being ^ . 
unconscious, of being out of one's. mind, is the condition 
of the normal man. Society highly values . its 'normal man. 
It educates children to lose themselves and to become 
* absurd, and thus to be normal, dermal men have killed 

perhaps 100 million of their fellt- v* normal men in the past 
50 years (Laing, 1967, p. 28). ^ 
* ' ■ • ■ ^ ' 

In the U.-S., we have barely gotten out of a vicious, self-serving 
Involvement in Viet. Nam. In the Watergate affair, rot'jenness in 
political structures broke through what ^looked like a shiny, healthy, 
democratic skin. Scientists supposedly In search of "truth" have 
.participated in the creation of weapons capable of destroying the whole 
of mankind. Leading scientists have recently been caught cheating Ih 
various ways to enhance their reputations and win prizes. Shouldn* t . 



we therefore be concentrating in our educational system on developing 
new sets of more humane societal values rather than on individual 
growth and introspection? Shouldn*t science teaching be concerned 
more with issues of science and society than on the personal poten- 
tial of Individual students? Isn*t the problem more one of changing 
the content of science programs to focus on more" social issues rather 
than worrying about personal problems of people like Kathy, Sue, Don, 
Dan, Rj^ch ^nd how, they feel about themselves and their associates, 
students, teachers, or. administrators? 

I believe that societal consciousness and conscience can only 
develop in people who have a strong sense of self, Maslow (see Goble, 
1971) "points out that self -actualizing people such as the "greats" 
we all desire to emulate have both a strong sense of themselves as 
people and of their responsibility to larger societal causes. Albert 
Einstein, Linus Pauling, Benjamin Spock and other scientists who have 
become strongly oriented toward political and societal causes provide 
models. Scientific activists like Barry Commoner, contributors to the^ 
Journal "of the Atomic Physicists , and many others commit significant 
aisounts of theix time to societal value questions. Ralph Nader and 
others like him plunge into issues concerning how science and techno- 
logy affect the lives of individual citizens. 

One might disagree with the positions taken by many of these 
people, but are people of action,, often fine scientists who have 
dared to become involved in wider political arenas that affect the 
lives of each of us in profound ways. These are people who had. a 
strong sense of themselves to begin with. They are able to face criti- 
cism, controversy, and often rejection and still continue to function 
actively and joyfully in their personal, scientific, social, and 
political acti-vities. They are people of principle who have taken 
humane, life-supporting value positions. 

Theodore Roszak (1969, 1973) is among the -more articulate critics 
of big science that seems unconcerned with human values. He blames much 
that is shabby about our society ori the dehumanization and narroxmess 
he sees in a science and society oriented toward objectivity has 
Infected more than just scientists, too. Many people whose disciplines 
are l^eled humanities and social sciences show little evidence of real 
concern for other human beings either. Charles Reich C1971) also 
criticizes cold and impersonal institutional ism that fails to recognize 
the sacredness of the individual and his or her feelings .and psychologi- 
cal and moral health as prerequisites to societal health. Many people 
In the so-called humanities express their desire to deal with what it 
means to be human. But their means- of doing this'ls to study what 
poets, artists, and philosophers indicated about it in the past rather 
than to deal with the problem in any experiential way that might have 
personal relevance to students.. Specialists in the humanities and 
social sciences and their textbooks and research show the same pre- 
occupation Trith analytical scholarship', "objectivity," and descriptions 
of -past glories of humans of which we .in- the sciences stand accused. ' 
In many instances, -biographies, literature, and history dress up indi- 
vidual humans in heroic clothes that hide the conflict and uncertainty, 
the mistakes and the baser sides of even bur "greatest" people, as 
Kozol (1975) points out. . 
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' In a recent panel discussion on humanities and sciences^ I 
expressed active concern and involvement with many values ..related 
to the quality of our emotional and intellectual lives as well as 
with the physical and"bJ.o logical factors usually consigned to 
"science." A fiction waiter on the panel said that people shouldn't 
listen to me as a representative of "science" — that I was really just 
a humanist in disguise. Unfortunately, the image we project in 
Science teaching has earned us the reputation of not really being 
concerned about the nature of being human. Those of us who go on to 
do science know that we are as concerned about uncaringness and 
^stupidity we see rampant as any hinnahities scholar, social worker, 
minister, poet, or therapist. . \^ 

The problem throughout is a lack, of c^ringness . Such caring begins 
on a very personal level. Children are affected by it at the earliest 
stage of their development when the conflict that Eric Erikson (1963) 
has identified as basic trust versus basic mistrust arises within them. 
To the extent that children are with truly caring adults, they are able 
to- resolve the conflict -in such a way that they may progress to a ( 
higher stage of development,. Just as Piaget (1968) suggests that 
people, progress through a series -of psychological and intellectual 
stages, Erikson deals 'with even more- basic kinds of growth as htimans 
pass through several stages of conflicts: basic trust versus basic 
mistrust; autonomy versus shame and doubt; initiative versus guilt; 
industry versus inferiority; identity versus role confusion; Intimacy 
versus isolation; generativity versus stagnation; and ego integrity 
versus despair. Each person must deal with each of these stages of 
conflict in order to maintain emotional and psychologicalj health and 
the ability to lead a productive and satisfying life in science, 
business, or any other area of' interest. One can never avoid conflict. 
Each stage of life brings' xd.th it new conflicts to be resolved, and the 
old conflicts remain, too, demanding further energy for their on-going 
resolution. Growth and learning in the long run mean becoming able to . 
deal with more and more levels^ of 'conflict on .a continuing and simul- 
taneous-basis rather than with any final resolution of any single .. 
conflict; The only permanent resolution comes with death, just as the 
only self-actualized perspn_J.s a dead one. Conflict-resolving, self- 
actualizing, centering, balancing, growing all lie within the realm 
of, processes rather than the realm of. products. . . 

Individual personal groxTth occurs through conflict and the reach- 
ing of various stages of dynamic equilibrium. We arrive at a metaphor 
which connects us on a larger scale with the broad domains of ecology 
and social ecology. As science teachers -we have all applied the con- 
cept of dynamic equilibrium in chemistry y physics, biology, and the 
earth sciences. Natural phenomena exist' in a kind of homeostatic 
balance. When the system or organism becomes .unbalanced, changes must 
occur to bring forth a new balance or else the system will disinte- 
grate or the organism will die. 

Dynamic equilibrium' requires centeredness* Each person must 
ultimately resolve her or his own conflicts. ^ A highly" ca?ing human 
environment helps people find their balance in conflict situations, 
^/If we are to believe the data provided by psychologists such as Rogers 
•^<1969), Perls (1972), Maslow (1966) , also see Goble (1970) and others. 
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Two Initial conditions must be satisfied in order for people to 
play an active role in dealing on a personal level with problems of 
science and society* First, a person must maintain the kind of 
personal centeredness that enables her or him to assign high priority 
to societal problems and to adopt causes. Second, she or he must 
success f Tv resolve the many personal conflicts that precede the 
leaml ^r^ • x science content as such. I believe that the vay In which 
science- Presented in the schools and the environment in which it is 
learnec. j.ave a great deal to do with whether or not we begin to 
realize the potential science might have for affecting society in posi 
tlve ways. Above all, science must be set in a' caring context, if we 
Wish for it to' contribute to a more caring and humane world, 

iV 

The essence of life as I have tried to characterize it here lies 
in centeredness, dynamic equilibrium, and caring. It Is fundamental 
in every human activity. Roszak (1973) 'wants us to return to a ^ 
whollstlc, non- reductionist xjorld view. For this to happen, science 
must be removed from its pedestal as any ultimate rout€ to solving 
human and societal problems and put back as a person^oriented, 
psychically reconstituted set of interesting human activities.. It 
becomes essential to put all of our science and science teaching at 
all levels, elementary, secondary, collegiate, and professional, back 
Into a humane, person-oriented, whollstlc, non-reductionist context. 
I mean. here ^th the way in which we act in science classrooms and 
other educational settings and the science content we deal with. 
Questions of human values need to be at the ceirtfer fit every scientific 
investigation, lesson, or activity. 

MODELS FOk DEALING IN TEACHING SITUATIONS WITH THE 

ESSENCE, OF LIFE - 

iThe essence* of life as I have treated it includes its process and 
values aspects* This- essence represents a pervasive element that 
perjieates every part *of science teaching environments whether we want 
it to or not. The only choice we have is whether we want to recognize 
its presence and'do something about it consciously or whether we take 
it for granted and pretend that we won't have to deal -with it. In 
the latter instance the values conveyed and the processes represented 
will be a reflection of the overall society and institutions of which 
the school is a part. This approach is what allows many scientists 
to lay the blame for any misuses of their discoveries on the state, on 
society, or on anyone. but themselves, weave a weft of science con- 
tent over a j^rp of values, • configurations, and concepts of society. 
There is po weaving, no tapestry without both warp and weft. The uarp 
is placed upon the loom first,: as the underlying control of the fabric 
we will achieve. The quality of the material we end up with depends 
upon the underlying color, texture, strength, and spacing of elements 
in the warp of values and processes. 

The issue as a ^ole is handled in teaching situations by the con 
figuration of these situations. In an authority-based situat5,on 
(lecture, lab, discussion, or project-oriented) we reinforce the idea 
'of reliance upon authority as a value. In a situation where, -teachers 



grade students "impartially" and "objectively," we reinforce ideas of 
"reduction ism and dependence upon extrinsic evaluation rather than 
upon a more intrinsic, wholistic, intuitive kind of self -evaluation. 
(Incidentally, the highest level of evaluation Identified by Bloom 
(1956) in his taxonomy of educational objectives is self -evaluation. 
Yet how seldom do we allow learners to evaluate their oim work,) In 
situations where we suffer from the delusion that we, as teachers, 
can motivate students extrinsically, we reinforce the idea that moti- 
vation comes from outside. All of our hidden assumptions about life, 
all of our true values, the things we really believe enough to act 
upon them, the thlngs\that determine our own l>ehavior, come forth In 
* the learning environments we maintain. Would that we could all*stand 
back>and see the gap between our rhetoric and our behavior. 

^For my part, I want to develop learning environments that come as 
dose as possible to reflecting the set of values I feel intuitively 
a^d whollstically good about at any point in time. As I get reflec- 
tions 'and feedback from learners, colleagues, friends, enemies, and 
. anyone -who reacts to what I do, ^I want to become more aware of what 
values my behavior seems to express. In that way, my life becomes 
a continual examination and appraisal of ,my values, accompanied by 
changes that help me come closer to the posit^ions I seek, I become a 
spaceship making mid-course corrections as I move toward what I per- 
ceive my goals to be at any point in time. My goals will keep changing, 
too, as I see more of the universe I am exploring and perceive other 
levels of goals that I had not even suspected were out there. A given 
set of goals can only be seen from certain perspectives.. As my per- 
spectives change, so must my goals ,^ and so, too, must the course of my 
spaceship'. The ultimate goal is the seeking, the vehicle is my aware- 
nessy and the skill ;)Ls my ability to be open to new possibilities and 
to make mid-course corrections. , 

The model I present has to be a personal one. I offer it and the 
accompanying resource list as an invitation for each rfeader to look 
deeply at her or his own values. This also becomes 'a call: to action 
in the sense thae all of us will be acting within these value- dimen- 
sions whether we choose to or not. No action Is also action, ir. that 
it represents tacit acceptance of the value set of the institutions 
we xjork in. Changes in institutions and in society arise only through 
actions of individuals and changes in their sets of values as expressed 
In overt, behavior. . - 

In my present approach to science teachirg and to teacher education 
I want the individual person and her or his personal quests for growth 
always to come first. I ought to be able to ^ercise this approach in 
virtually any institutional setting. By being attentive to each learner 
and making each decision- in favor of. what the learner and I agree will 
facilitate the -learner's personal quest, we probably have a good basis 
for mid-course corrections as these become necessary. If I am strong 
and sure of myself I ought to be able to do this in anything from the 
freest to the most coercive overall school situation. 

In fact, however, many school situations that favor control, auth- 
ority, and coercion tend to punish teachers who cencer tactr concern 
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around learners as Individuals rather than around narrowly defined 
transmission of subject matter. This is certainly true of the situa- 
tion Rich, whom I introduced in a vignette at /the beginning of this 
paper, is in. He is in full .conflict , and yet he has kept himself 
more or less centered and able to bounce back. He understands the 
necessity of conflict for growth* I consider Rich*s position about 
average for most public schools — a little better than in some schools, 
a little worse Chan in others. 

Other school situations appear from the outside to provide a much 
more favorable climate for d person-oriented, value-related, process- 
oriented kind pf schooling in science. In such places, however, there 
is just a different level of conflicts. Many open schools have moved 
^a long way in the directions I value. However, the more recent works 
of Herb Kohl (1974), John Holt (1974) and other rcLformers who have 
tried to change the institutions called "schools'* suggest that the only 
solution is to destroy the existing approach to schooling almost com- 
pletely. In spite of their call for a whole new approach, whatever we 
would create in their place would still be in part a mirror, reflecting 
the nature'^bf o^r society. The question returns — -is the goal of schools 
to train people to fit into our existing society or is it to let people 
learn ways to change society? If their goal is ultimately to bring 
about change,, then those of us who believe this necessarily commit 
ourselves to lives of intense ^conflict. 

In my own present school situation I managed to "get control" of 
a moderate-sized academic department in a small private university. 
Note the incongruity at once of the term "get control." It does not 
fit the model I shall describe, in "that it derives from a hierarchi- 
cally control-oriented context. Yet it provided a platform for larger 
action than I as an individual might have attempted. We set up, on 
the spot and all at once, what looked like a model for a science 
learning environment that could be largely person-centered. .The goal 
was to provide more or less xinlimited chances for all students to 
pursue studies either on their own or in groups in any areas of their 
choice (far exceeding any conventional notion of what cotild be 
Included in "geology and geography") . We removedconventional grade 
pressures. We established an open style of operation where any faculty 
or students had substantial access to the departmental budget in / 
support of their activities. Many faculty offices and all other labs 
and spaces stayed open at all times and served as student study spaces. 
We used encounter groups and other counselling mechanisms to help our- 
selves and our students confront and deal wdth questions of values 
both within and beyond- their "academic" work. Details of the model 
have been described at length in a number of publications (see Romey, 
197 Z, 1975, 1976 and numerous articles to which I shall be happy to^ 
direct any interested readers who wish to write me), and I do not 
wish to burden the reader with their description here. 

Learners, we found, seemed to go through a more or less definite 
set of stages. We've come to label the first of these the "do-nothing 
stage." In extreme cases we may not see these people at all for . 
extended periods. People who do come often respond poorly to 
"challenges" we may make as optional assignments and suggestions. 
They come In ill-prepared for discussions we try to schedule. They 
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rarely read materials we suggest, They would do these things, they 
say, if only they didn't have an exam In another course. They'd 
rather do their science with' us, but they just don't have the time, 
since ve refuse to coerce or direct them. We want them to deal 
personally with .the conflict they sense rather than removing the 
conflict for them by making just another set of requirements. 

In a second stage of their development,' students externalize the 
blame for their own inactivity, as Sue did in the vignette. Still 
suffering from their belief in the myth that motivation can come 
from outside, they blame us for not requiring them to work. Of course, 
If we did require them to work, then they would blame us for that, too 
—for keeping them from working on some other Imaginary things they 
xx>uld work on "if only I didn't have to dp this first," 

Finally, In a third stage, they realize that they are responsible 
for their own learning and for their own lives, and eventually for at 
least part of the society they live in. They begin to resolve their 
own conflicts in an environmenrt that is as caring as we can mak^ It. 
At this point, they begin to work effectively as Independent learners 
who seek guidance, contribute to groups, write papers, do lab work, 
and perform from a basis of a truly intrinsic motivation. They even, 
become able to deal effectively in other areas xd.th conventional course 
requirements and what might have before seemed trivial expectations-r^ 
without anger or fear. 

For the first two years, our particular group tried tpr-'-thlnk of 
itself as somewhat unified around a person'-centered tbemft^ Then, to 
vairylng degrees, both faculty members and students began to drift 
^back into the safe old behaviors "that still filled their lives out- 
side our department. Now, five years after we began trying to set 
up an "open" department surrounded "by a conventional institution, our 
group has developed into several alternative communities. "One group. 
Involving perhaps a third of the students and faiculty members, con- 
tinues to operate in the open, person-centered style we began with in 
1971. A second gtbup involving another third of the students and three 
faculty members operates in a conventional, content-centered, exam- 
based, grade-oriented mode similar to that of the rest qf the 
university. Even among this group, however, the climate for learning 
seems vastly better and more oriented toward the students than in many 
departments. Generally this group, too, is connnitted to the students 
as people, but the focus is' more on subject matter and on certifica- 
tion of students. A third group of students is not particularly 
committed to one group or the: other, but occupies an intermediate 
position. All three groups are reasonably acceptant of each others' 
differences. Probably, for the particular overaH^ context involved, 
this represents an optimum, decentralized arrangement in which the 
various groups do not try very actively to control each other by 
"majority-rule" tactics. All segments are reasonably supportive of 
each other, and no part of the environment suffers from too much of a 
"red-line" mentality of criticism, correction, reductionism, and 
coercive accountability that inhibits human growth and learning in 
many groups. ' Each faculty member decides what and how much he or she 
will teach each term, and students often teach and get paid for it. 
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too. All meetings are totally open, and students have essentially equal 
votes with the faculty to the extent that they choose to participate in 
departmental business. 

For 1135 part, I have been able to vork in widely diverse areas of 
my InterestSt I have felt little effective interference, even though 
many other faculty and administrators in the university at large may 
protest verbally .a great deal. One problem is the human overload and 
difficulty the faculty have in focusing our interests once we commit 
ourselves to several hundred individual people Instead of to three or 
four courses." During the past term, for example, I conducted four- 
week mini-courses in field geology, earth science from the newspapers^ 
and earth-science aspects of energy problems. In addition I led an 
advanced regional field geology group working on special projects 
related to an on-going research project. Other students: were working 
%rtth me as their sponsor in stratigraphy, mineralogy » geomorphology, 
and several areas of both cultural and physical geogr;aphy. A non- 
departmental seminar I'll lead next term will be on reality and 
perception In science. In other terms I've recently worked jointly 
with people in the departments of government, religious studies, English, 
and modem languages on problems of developing non--westem countries. 
I've worked with our science "methods" students during their profes- 
sional semester • In some terms I've had no' formal "courses" at all, 
only project students. This open- diversity has provided a rich environ- 
ment in which I feel high personal enthusiasm. I believe I can see this 
reflected in high enthusiasm among learners as they work through stages 
of their own growth. In all of these experiences the students^ receive 
no grades — only the designation "cVedlt," even though the university 
^as a whole maintains a conventionaj. grading- system throughout. 

As we begin to make tai^tact^s human beings, much time is spent in 
counseling and, virtually/ psychotherapy. To a large extent some of 
us help students pick up the pieces after, like Kathy, they get 
smashed psychologically .in some other department and come in, do\m on 
themselves, feeling emasculated, and far from any mood that ^ould lead--, 
to learning of content or to psychological growth. 

The open parts of our program, and the programs b^ing xised in many 
schpols. Individual classrooms, and alternative learning environments, 
are those where learners 'and facilitators can work together freely, 
identify and work through conflicts, and seek experiences that lead 
to intellectual* emotional, physical, and moral growth. These are 
environments where values are constantly re-exacilned and tested, where 
people can try thjlngs, fan take risks with a maximum chance of finding 
human support when they need it. Learners need to have their person- 
hood recognized and validated whenever possible. In programs where 
rules and roles form a primary focus, ^the human beings get lost. 
Principals, supervisors, teachers, and students all suffer in impersonal 
contexts and we get caught in a vicious circle in which "tHe l^stitu-"^ 
tlon" seems to take on a life of its own, controlling people and often 
thwart lig their best hopes and chances for^gro-wth. 

Ledon Sheets, a radical religious and political activist who has 
helped bum draft records, pour blood on military aircraft, and dig 
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graved on the White House lawn in protest against Injustice and inhuman- 
ity haa spoken to «e about the importance of expressing one's values 
openly and without hesitation or wondering vhether or not one*s actions 
will have some definite effect. I hear tnany educators agreeing "In 
principle** with Ideas of human concern and of the Importance of being 
responsible and active where issues related to science and society arc 
concerned. But when it-cotnes to action they too frequently clalw that> 
**It wouldn't do any good anyway; it would have no effect." Sheets* 
point Is.thatt if we stop to weigh consequences and wonder much about 
results* Ve are apt not to act. In order to express values* we must 
learn to act upon theta without particular thought of having our act^^ons 
•Siork." What is important is expressing our valties through some cbqr- 
Crete a\tlon. Oddly, I begin to discover, the ©ore often I act Y 
dlrectlj^ln support of toy values and principles* without being coo-^^ 
cerned about whether or not my acxtgag will produce any results, the 
tnore things seem to work better. iSftne^s who spend time with people 
who are willing to \tand^up and act on their beliefs also will have 
models to observe and- nay themseives learn to act positively and firmly 
in expressing their own values. They will ^ I believe* have a taaxloua 
chance of becoming process-oriented people who rec<)gnlse their own jpbwer 
and potential. As such they can become scientifically literate and 
active citizens. Those who go on La become professional scientists will 
also be more likely to help place science back into the firmly himan 
context where it has always ri^aily belonged 



RESOURCES. 

The mateT'XdIs described belov, listed alphabetically* represent 
only a few of the resources available 4n this area. I should issue a 
word of warning about what may happen If you become seriously involved 
with these materials or the approaches they suggest. Getting involved 
is like going through a one*-way door into., another world* There Is no 
easy retreat back to the safety of a .conventional viewpoint. Growth 
is always painful. The rewards* on the othcir hand, far outweigh the. 
pain* I bellevev Vith our^^ociety in its present circxmstance:?, we 
have little hope of dealings effectively with t?te conflicts referred to 
In the other chapters ^in this book until we actively deal with the 
issues I have treated in this chapter on the essence of life. The list 
below Includes all of the references cited, in the chapter and .a number 
of additional sources as wrll. 
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.' ' - - - ^ -■ • ^ 
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Jerome reviews a number o^ experimental programs at both higher 

He describes txtsaerous attempts to arrive at 
'll^ruiy democratic values and the generation and spin-off, of 
alternatives • He challenges degree, diploma, and credit systems ' 
• as Inimical to the very essence xo vhich many give lip seary^ice. 
The book is full of specifics as veil as presenting a challeng- 
ing and stimulating political and social viewpoint, 

EohlV H. Half the House . New York:. Dutton, 1974. 

After years of criticism of ^blLic schooling and books such as 
The Open Classroom, which suggested classroom reforms. Kohl gives 
a personal, look at his own feedings about education and values. 
He proposes that a large^part the present school establishment 
may liteirally have to be destroyed before truly hxjmane and effec- . 
tive schools that deal with the -«isseace of life, as 1 have identi-\ 
-fied it, can grow. He describes the pain and difficulty that 
people interested in change must commit themselves to, ^ 

Kozol, J . The Nisbt is Dark and I am ?ar From Home . Bostoni Houghton 
Mifflin Co., 1975. - 

In a part of this book reproduced in Learning » December 1975 , pp. 
16-20. Kozol shows how the images of people like Thoreau, Helen 
Keller, Martin Luther Xing, Malcolm X, and others are "sjcerilized" 
and glorified in te^ct books and literature, tailored for school 
use. We lose the real huasnness of people in such portrayals. 

Kuhn, T. S. The Structure of Scientific Revolutions , 2nd Edition. 
Chicago: University of Chicago Press, 1970. 

Science progresses by discontinuous, intuitive leaps rather than 
in a smoothly incremental fashion. Ruling paradigms guide scien- 
tific thought for extended periods during which "normal" science 
goes about its orderly and controlled explanations. As anomalies 
arise that do not fit the paradigm, the stage is set for a new* 
leap forward -and the creation of new ruling concepts. Normal 
scientists often fight such changes in ruling concepts, which 
require changes in basic beliefs. Abrupt changes in beliefs and 
values, regular conversions in an almost religious sense, are the 
main mechanism for ultimate progress. Textbooks strongly hinder 
the progress. 

Laing, R. D. The Politics of Experience > New York: Baliantine Books, 
1967. 

Laing points out the destructive qualities of education based on 
limited, "objective," standard, "scientific'* views of reality* 
These lead to interpersonal and intraparsonal alienation and the 
denial by outsiders ("Then") of personal experiences in which no 
one but ourselves can participate. Natural scientism based on 
objectif ication denies access to chose aspects of us that are 
uBOSt human and special. * 
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Mao Tse-Tunte, Selected Works of Mao Tse^Tung , Hazelvopd, MO: Great 
Wall Press, 1972, 

Mao began with an xindereqtiipped and vastly out^classed_r.lnor±ty 
arinyj, ^ySe learned to wait patiently, playing the red ^tape and 
administrative blundering of the Nationalise State against itself. 
Through 'patience and discipline he. prevailed eventually over the 
established powers to initiate a new order. Whether or not one" 
agrees with the outcomes in Red China, Mao*s example at least 
suggests that by patience -and adherence to principles one can 
institute new kinds of social order even over great odds, ' I'm 
not sure how life-supporting they are or can be in a vast state 
oriented around the military, however, 

Maslow, The Psychology of Science , New York; Harper and Row, ia66. 

Maslow challenges the validity of largely mechanistic science, 
suggesting that the obligation of science is to look at all 
aspects of reality as we experience it, describing, understanding, 
jgaid accepting it» He pleads for a transceiident , all--encon^assing 
approach to science as opposed to narrower views • Maslow affirms 
ch.e role of values in science. , 

Perls, F, In and Out the Garbage Pail , New York: Bantam BooEs" 
-edition, 1972. 

This is an autobiographical account by one of the founders of 
gestalt psychology and therapy. ..Perls stresses the importance 
of the individtial observer and his psychological conditioning on 
the observations he makes. Here is a person who has centered his 
own life and processes and developed a system of therapy to help 
remove the blocks we have formed that prevent us from tuning in 
on the world around us. ' 

Piaget, J. Siy . Psychological Studies . New York: Vintage Books 
edition, 1968, ^ 

This is an activity aimed at bringing about a balance of the 
effects of social and physical environments with .our need to ^ 
conserve our structural systems governmental growth in human 
beings.. Piaget provides an extraordinary example of leaping 
j across established boundaries (biologyj. physics, logic, philo- 
I sophy, psychology, ediucation) in search of new points of view 
i about how children learn and behave. In many of his writings 

he explores the new, field of genetic epistemology: the study , 
of how knowledge is acquired. 

Pierce, J. C. The Crack in the Cosmic Egg . New York: Poclcet Books 
edition, 1973. 

We exist within a social-scientific-philosophical-psychological 
context — our "cosmic egg.*^ Moral, intellectual, and physical 
progress occur when a crack forms in that cosmic egg and we are 
able to see outward to new levels. 

Pierce, J. C'. Exploring the Crack in the Cosmic Egg . New York: 
Pocket Books edition, 1975. 

This book carries the "cosmic egg" discussion further. 
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Selch, C» The Greening of America, New York: Bantam edition, 1971. 

Otxx soci'ety progresses ^through staggs of consciousness , Consciousr 
^ ness III, emerging over the past ; few years » involves liberation. ^ / 
. Individuals free themselves f rpm i automatically accepting personal^ 

goals proposed by, society. Each lindividual becomes free to builS^ 

hl3 or her own values, philosophy, life st^le, and culture from 
. the beginning. .. Con III begins with the- seff . This doesn't liean 

selfishness, but rather the starting from premises based on/nature 
. and human life rather .than artificial ideas of power, status, the 

corporate state,' "science," etc. I / 

IU)gers, Freedom to Learn . Columbus, OH: Charles Merrill Co,, 1969, 

Rogers discusses the 'importance of Interpersonal as^^cts of learn-* 
: Ing and how the growth of the individual and the group proceeds 
slsmltaneously. Concentration njust, be on the development of a ' 
fully functioning person in order for significant changes or 
learning to happen on any level . . / v ' - * 

Homey, B. Risk-Trust-Love; Learning in a Humane Environment , Coltimbus, 
OH: Charles Merrill Co,,. 1972, / 

Romey, B. Consciousness and dreativity: Transcending Science^ Humani- 
ties and the Arts . Cairton, NY: Ash Lad Press, 1975. 

Romey B. ^ Confluent Education in Science . ' Canton, NY: Ash Lad Press,, 
1976, ^ ;^ 

The three previous books snrnmaylze in detail my own philosophy of 
education as/^it;^has developed over the past several years. They 
contain examples, philosophical commentary and practical sugges- 
tions about creating an environment where conventional boundaries 
are transcended, where concetftration is on the development of 
autonomous, powerfully functioning people, and where a value 
orientation can be "safely" pursued. , . 

Stevens, J. Awareness: Exploring^ Experimenting^ Experiencing . 
Moob, ITT: Real People Press, 1971. ' 

Stevens provides a whole manual full of awareness exercises for 
individuals, pairs, and groups. Many are directly useful in 
school situations and generally enhance people's capabilities 
to explore openly, to cooperate, and to develop aspects of their 
humanness that are generally neglected in schools. 

Roszak, T. The Making of a Counter Culture . New York: Anchor edition, 
1969. ' ' . 

Roszak presents his view of the myth of objective consciousness 
as a destructively anti-human trait .of science. 

Roszak, T. Where the Wasteland Ends: Politics and Transcendence in 
Post industrial Society > Garden City, NJ: Anchor edition, 1973. 

Roszak challenges the religion of science as antithetical to many 
values and qualities that, are most important in humanness. 
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Samples 9 B, The Metaphor ±c Mind . _ Reading, MA: Addison-Vasley, 1976* 

this book -deals with the processes of using^ metaphors to expand 
consciousness and with developing the capabilities of the right 
cerebral hemisphere as well as the left. 

Samples, B. and* 5. Wohlford. Opening; A Primer for Self-Actualization . 
Reading, MA: Addison-Wesley, 1973, 

The authors provide a. wide range of suggestions for helping 
people become more aware of their potential. This gives blue- 
prints for trying new things. Many of the ideas^are directly 
applicable in schools. Some- of the materials are reilated to the 
Essence materials described in the curriculum materials section 
which follows. 

Schumacher; E. F. Small is Beautiful: Economics as if People Mattered . 
New York: Harper and Row, Colophon edition, 1975.! 

Size, institutionalism, oversized technology, and impersonality are 
seen as primary factors leading to human misery in both developing 
and developed countries. Schumacher issues a call to reorient our 
" institutions, schools included, so that they are more oriented \ 
toward the individual person and- his feelings of autonomy and power 

Simon, S. and J. Clark. Beginning Values Clarification: A Guide for 
- the Use of Values Clarification in the Classroom . San Diego, CA: 
Pennant Press, 1975. 

The authors provide many practical suggestions that can be used 
to encourage the expression and integration of values considera- 
tions in organizations and in schools. 



Curriculum Materials \ " 

Earth Science Teacher Preparation Project, Gift Garden of Fantaseeds . 
Leesburg, VA: American Geological Institute, 1974. 

This kit of methods materials WtrWses clarification bf values, 
interpersonal and intrapersonal growth, creative behavior, learn- 
ing facilitation. For both pre-service and in-service teachers, 
administrators, and any group-training activities. 

Essentia. Essence I and Essence .II . Reading, MA: Addispn-Wesley, 

1975. (Preliminary editions from American Geological Institute, 
. Leesburg, VA, 1972.) 

These kits,, for use at any grade level or also for adult groups, 
provide a basis for group activities that trigger divergence and 
openness. Questions of values emerge constantly as one uses 
these. 

Stonev A. E.; F. Geis; and L. Kuslan. Experiences for Teaching Child- 
ren Science . Belmont, CA: Wadsworth Publishing Co., 1971. 

This Is a "methods" book full of actrivities and games that bring 
forth good humor, playfulness, and joy in the classroom. Activi- 
ties-are oriented toward providing a nourishing environment In 
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l»hlch to learn science and to develop chUdren^s sense of self, 
confidence, and auton&ny, 

... ' ^ 

Organizations . ^ . ^ 

Association of Htnaanis tic Psychology, 325 Ninth Street, San Francisco, 
CA 94103, 

l^ie association publishes the monthly^'*-, newsletter, quarterly 
Journal of Humanistic Psychology , -and various monograph*/ It also 
has regional and national meetings, special interest networks to 
facilitate communication among people with similar interests and 
provides other services as well,^ Membership is $35 per year. 

Biological Sciences Curriculum Study X^SCSl, 838'3 S, Boxilder Road, 
P.O, Box aSO, Boulder, CO 80306, 

This group is now 'producing the Human Sciences' Program out of it^ 
offices in Boulder, Colorado, Aimed at aiddle-rschool children, 
the program provides a value^riented, integrative set of curri- 
culum materials in the form of activities cards" which^ students 
choose among each day. The cards coyer a wide range of areas in 
science, social -^science, humanities, and arts. Divergent think- 
ing, personal responsibility, decision-fnaking, personal growth, 
and interpersonal cooperation are encouraged, 

Zephyrbs Education Exchange, 1201 Stanyan Street, San -Francisco, CA - 

This is a small, non-profit group that collects, prints, and dis- 
tributes practical lesson plans, activities, and games thr^t have 
• - a heavy value orientation in directions I have favored in this 
' article. The group is oriented toward creating a more humane 
society and includes many activities relevant to people in the 
sciences, ^ 



If scieKce/society issues are to be absorbed effectiveltf into 
sohooZs^ then change must occur. Change is, both a process cmd a 
yx^odjuct. * Uriderstariding the nature of change and its retationship 
with science education is the, subgect of Thomas Evans paper. 



BRINGING /about CHANGE IN SCIENCE EDUCATION ' 
Thomas Evans - • 



Millions x?f dollars and enormous amotmts of effort have been 
directed toward change In science education over the past 20 years. 
The fruits of these labors and resources have resulted in a myriad 
of new instructional materials* Textbooks reflect an updating of 
content. More attention! has been placed on the structure of science, 
and at least at the verbal and written levels, greater, emphasis has 
been placed on discovery, inquiry, and scientific processes. As a 
result of federally funded programs, science teachers have exper- 
ienced an increased number of basic science courses; Yet, observations 
of science classes reveal that little change has actually occurred in 
the teaching-learning of science.. Lecture. is still the predominant 
teaching method, and teachers remain the dominant figure in the class- 
room.' Most classroom interactions are between teacher and student, 
and nearly all are initiated by the teacher. Textbooks,, chalk, and 
chalkboards remain the^nost frequently used teaching aids-. Students 
are still being evaluated on their ability to recall content, and the 
content is often not related to the lives' of the students. Why has^ . 
there been so little change in classroom practices? This chapter is 
devoted to an analysis and discussion of this question. Suggestions 
that should facilitate change are offered. The chapter specifically . 
deals with resistance to change, facilitators of change,., planning for 

.change, and guidelines and requisites for change. 

•V . " •■ 

KESISTANCE TO CHANGE — / 

Resistance to change derives from a variety of sources and mani- 
fests itself in numerous ways. It includes all factors and forces 
that contribute to the stability of individual ipersonality and social 
systems. Resistance to change is the natural order of things and 
should be expected. 'Harris (1964) elucidates this position in his 
analogy between on-going educational •^-programs and a bbdy in motion. 
Any attempt to speed up, .slow down or change the direction of the 
body results in friction. The fact is that all persons interested 
in bringing about change in science education must rjealize that there 
is ho such thing as a peaceful change^ 



One source of resistance in science education is related to the 
use of a model for change described by Mann (19761 as an influence 
model. For example, in the science content improvement projects of 
the past tvo decades, changes have been' designed and disseminated at 
the national level. Then attempts have been made- to implement tliese • 
changes at the regional, district, or local levels. Inherent in this^ 
model is the asstimption that either the change agent (project 
developers) and target population Cclassroom' teachers) are in agree- 
ment with respect to_vaiues concerning the need for change, objectives 
for students^ and method of instruction or that ^ the 'target population's . 
T/aiises can be influenced and brought into agreement. Bennis, Benne, 
-and i3hin Ci969) have identified empirical-rational, normative-re- 
educativc, ' and power-coercive as being general groups of strategies for 
effecting changes in human systems. Empirical^^ratxonal and power- 
coercive strategies were applied to the target population in an attempt 
to implement the course conten;t improvement projects. The empirical- 
rational strategies used included the following: (1) providing research 
results, (2) participating in institutes and leadership conferences, - 
(3) enrolling in basic science courses, (4) attending inservice work- 
shops, (5) observing teachers using new materials, and/or (6). going 
through the materials arid doing the student activities. In these 
strategies, the target population is assumed to be rational, and to 
accept the proposed values if it could be rationally shown or justified 
that teachers or their students would gain as a result of the change. . 
In power-coercive stirategies, a principal or science supervisor acquired 
a new*:program and simply applied pressure on the target population to 
accept the project values. Normative-re**educative strategies were 
rarely, ±i ever, used in project imp'lementation., Thiey involve value 
clarification, i.e., getting values of change agent and target popula- 
tion out into the open and working through the value conflicts. 
Superficially the model, asstmpt ions ,^ and strategies used appear to 
be both logical and acceptable, but their application has not resulted 
in the expected changes. Perhaps the model and/or- strategies were 
inappropriate or the inherent, asairop? ion may have been false. Regard-^ 
less, failure to obtain value consensus was, and remains, a major 
source of resistance to change. 

Attempts by individuals to stabilize or cope with cultural conflicts 
represent ai. second source of resistance to change. In a conversation 
between Toffler and Moris^au (1973)^, To ffler explains that cultural 
conflicts arise when an individual is subjected to unusual conditions 
or unpredictable situations and is forced into making nonrou tine 
responses. The number and intensity of conflicts become greater as; 
the number, intensity, and rate of change increase. 

Lack of research. provides a further source of resistance (Stiles, 
1973). In the absence' of consistent and conclusive research findings, 
one person's opinion concerning objectives for students and associated 
classroom methodology can be argued for as effectively as another's. 

An additional source of resistance is related to divisions within 
the teaching profession. .The growing "us versus them^attitude between 
administrators arid classroom teachers and between school personnel and 
members of society is not a favorable environment , for the implementation 
of change. All four groups have the ability and. power to virtually. 



neutralize the change efforts of the other. Divisions also exist among 
specialists y between specialists and generalists, and Vetveen elemen- 
tary and"* secondary school levels. Such attitudes- and divisions make 
^ It .difficulty if not impossible, to amass an adequate support system 
and the driving force necessary for change. 

The public'ts perception of .schools is also a source of resistance 
to change. Goodlad (1976) points out that schools are viewed by the 
public as factories and are expected to give up* quality of education in 
favor of efficiency. They are also expected to solve all of the" prob- 
lems of society. This perception resiilts in a diversity of demands and 
expectations being placed on the schools and contributes to the^epcist- 
Ing lack of a majority viewpoint and articulated set of priorities for 
our schools. 

Additional sources of resistance to change include the following:^ 
Cl) loss of autonomy, (2) fear of manipulation^ C3) lack~of p j la rmi ng^ 
and adequate preparation, (4) complexity of educational system, (5) 
promotion and status gained by adhering feo statixs quo, (6) lack of 
demand for change, (7) sacrosanct rituals'' held by school personnel 
and community, (8) Intolerance for ambiguity and complexity on part of 
decisionmakers, (9) standardization of teacher preparation, CIO) limi- 
tations of physical environment, (11) lack of clarity about focus of 
change, (12) vested Interests- and conflicts of Interest, (13) lack of 
sldJLl and understanding, (14) fear of failure, (15) threat to self- 
esteem, (16) Isolation of teachers, (17) inadequate communication, ^ 
(18) lack of resources, (19) mental set of Individuals involved in 
change^ process, (20) progressive unionization of educational labor, 
(21) amount of time and effort involved in change process, (22) lack 
of Involvement of persons affected by change, (23) inconsistency of 
reform with social reality, (24^ inadequacy of evaluation processjas,. 
(25) complacency of individuals, (26) lack of ^sensitivity and ability 
among school personnel, (27) rejection of outsiders, (28) lack of 
trial before adoption, (29) feeling of self-distrxxst, (30) insecurity 
of teachers, (311 lack of community support, and (32) conservatism of 
school boards. - 

Simply listing these sources of resistance does not mean that, 
they are unimportant concerns for science educators who desire to 
implement changes. Space precludes an indepth discussion of each 
item. A lengthy and more detailed treatment of each identified source 
of resistance can be obtained 'by consulting the writings of Harris 
(1964), Neagley and Evans (1970), Engel (1974), Bennis, Benne, and . 
Chin (1969), Buchan (1971), Wolf and Florino (1973), Goodlad (1976), 
Brubaker and Nelson (1975), Horin (1975>, Sergiovanni and Strr^att 
(1971), Stotler, Richardson, and Williamson (1967), Ost (1976), and 
King (1975). X 

Any discussion of resistance to change would be Incomplete without 
consideration of its beneficial contributions » The conflicts that 
arise as a result of * resistance provide stimulation for many innovative 
Ideas and practices. Resistance to change contributes to stability by 
slowing down change that may be vOccurring too rapidly. Changes are 
often far reaching and irreversible, and it is difficult, if not 
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impossible, to change one aspect of the educational establishment 
vithout affecting others. A change may be an Improvement in one 
area while producing harmful side effects in related areas » 
Resistance provides time and the opportxinity for an- indepth con- 
sldsration of changes and allows for the \elimination or modification 
of those that may be in error and that pose real threats to indivi- ^ 
duals and social systems, \^ 

\ 

Facilitators of Change 

A few of the previously mentioned sources of^resiistance, such 
as cultural conflict, public perception of schools^ complexity of 
educational system, and mental set of individuals involved in change, 
coxild under a particular set of conditions "serve as zacilitators of 
change. And it seems reasonable to suggest that the Vpposite forms 
of the remaining sources of resistance cotild also be Mcilitators of 
change. For example, attempts to bring about change would receive an- 
Impetus by changing laclc^of cooperation to cooperation between 
teachers and administrators and by providing adequate insi;ead of * , 
inadequate resources. Recognizing the need for change, sharing ideas, 
listening to critics -of education, developing, positive attitude toward 
change, keeping public and students informed7 participating* in profes- 
sional association activities, writing journal articles, attending , 
workshops, and reading professional literature are possible facilita- 
tors. - 

Observations by Rogers (Van Til, 1969) suggest that successful 
participation in . the change process may also serve as a facilitator 
of change. He fotind that inJividxials were more willing to participate 
in further change efforts once they had experienced the growth, ful- 
fillment, -and excitement associated with changing. 

. Adequate attention has not been directed toward the' where, when, 
and how of implementing change in science education. The situation 
is not much better in education,, in general, although Heard (1972) has 
made some recommendations based on his reading, observation, . and study 
of variables affecting adoption rates of ESEA Title III innovations. 
These recommendations appear to be logical and are suggested^ as 
probable facilitators of change in science education. The most 
likely place for change to be successful is in liberal communities 
where parental income and educational level are high and whose. members 
are ethnically, religiously, and economically homogeneous. Youthful 
staff members are desirable, especially the administrative staff 
members. Change is facilitated by a' staff who has, traveled widely, 
taught in other school systems, and attended numerous professional 
meetings outside the state. The most opportime time to initiate change 
is during periods of rapid growth, changes in administration,, media 
crusades against supposed school neglects, and periods of social crisis 
According to Beam, the how-to-implement-change depends upon the^ talent 
energy, personal qualities and status of the change agent and condi- 
tions that currently exist in the school system and society.. 
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' \ ^ The personal qualities of change agents are important factors in 

facilitating or prohibiting change One of the personal qualities 
tha& facilitates change is a tolerance for turbulence (Harris, 1964), 
This quality, along with tolerance for ambiguity and complexity, con- 
tributes to objectivity in decision making. These allow change agents 
to remain calm and avoid hasty decisions during periods of conflict ^ 
and Increasing pressure thajt accompany change- processes. Other desir- 
able personal qualities include good self-est-^em, faith in the ability 
of others, and openness to change. Effective change, agents must 
acquire these and any other * personal qualities that ^re requisites 

. > for shared decision making, shared responsibility, maximum utilization ^ 

of the abilities of others, and establishment of two-way communication. . 
Change should be a cooperative endeavor, and it will be facilitated 
^en change agents have the personal qtxalities that enable them to 
work with educators and- teachers in the way in which they would have ' 
teachers work with students (Stotler, Richardson, and J7illiamson, 
^967). 

' number of individuals and groups of individuals both within 
and outside the educational field have-ieen identified as potential 
change agents. These include science supervisors, science teacTiers,^ 
department chairpersons^ principals, constiltant;^* and persons repre- 
senting federal agencies, scientific and professional societies, - . 
Industrial and commercial agencies, independent educational agencies, 
and special interest groups. ' The quest ion/arises as to which of these 
individuals or groups of individuals would Fe the niost. effective' change^ 
agents. A conclusive answer does not exist i but a study by Orlosky and 
Smith (1972) provides guidance regarding txjd aspects of- the question, 
^ After reviewing major educational changed over a 75-year period* rHey 
- reported that the support a change received j had a greater effec; r 

the probability of success than did who had \initiated the change. . 1-^^ 
" found that it was extremely important to have support both xrf.thin and 
outside the school system. For example, efforts to add new courses 
or change the substance of subjects were increased with support from 
legislation or organized interest groups.- In^^he change attempts 
studied by Orlosky and Smith, no successful change in teaching methods 
was initiated > outside the educational field. > 

Orlosky and Smith reported additional findings that were not 
specifically related to change agents but should be of interest to 
them.- First, changes in methods of teaching were more difficult 
to achi'feve than were curriculum and administrative changes. -Second, 
a change had a high probability of success if the cognitive burden 
was light and if teachers did not have to displace existing practices 
with new practices/ Third, a. change was not likely to become wide- 
spread or permanently entrenched without a definite plan for diffusion. 

Further evidence of how diff ic\ilt it is to. bring about changes in 
classroom methodology was illustrated in a review by Evans (Balzer, 
Evans, and Blosser, 1973), Systematic observation was used in approxi- 
mately 232 investigations to measure changes in teacher classroom 
behavior./ Seventy-three of the investigations dealt exclusively with 
science teachers. Of ten variables studied, only training in system- 
atic observation of classroom behavior wasr~found to be a consistent 
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facilitator of change In selected aspects of classroom behavior; The 
direction of change vas toward the positive categories of the obser- 
vation instrument used in the training program, . ^ 



Planning for Change 

rAny serious attempt to Implement substantial changes in science \ 
education must be preceded by a comprehensive plan, and the plan 
should be viewed as an integral part of a delineated model for ^ changed 
Figure 1 presents ,a suggested model for change «- In addition to plan- 
ainjgj .the major components of the model include assessment, trial or 
pilot program, evaluation, rejection, modification, adoption, teacher 
preparation, and implementation and dissemination,. Lines are drawn 
between the components, representing a two-way flow of informat:^on. 
They also illustrate that the model is cyclic;^ i.e., the capacity for 
continuing change is built into the model. Although each. component 
Is essential, planning is proposed as the most important aspe;ct of the 
jBodel. Planning must be continuous throughout any effort to bring 
about change even though it occupies only <Jne portion of the -model. 
The time, energy, and resources available for planning should be 
equal to or greater than the combined amounts giver^ to the other coa- 
ponentsydf the change process. 



.REJECTION 



, PTANNTNG - TRIAL OR- EVALUATION 

I'LANNiWC, ' PILOT PROGRAM 





ASSESSMENT H)DIFICATION 



IMPLEMENTATION v 

, AND —— ■ TEACHER PREPASATICN 

DISSEMINATION 



Fig, — Model for Change ^- ^ 



Before examining the tasks, involved in . che planning component of 
the change models a brief discussion of how planning relates to the 
future seems. appropriate. Although Immediate problems and crises 
cannot be ignored, science educators, must plan with an eye to the 
future. Efforts should be directed toward future-planning rather than 
planning to meet the future (Shane and Shane, 1968; Evans, 1977), 
FutOTe-pianning is active as far as the future is concerned. It 



Involves the foUoving steps: , (1) ""identifying systematic conjectixres 
of ^Aat society will be like in the future based on logical analysis 
and extensions' of data and trends by experts in such fields as socio- 
logy, political science, psychology, anthropology » science » demography » 
and technology; (2). idejcitifying educational alternatives that are 
possible Xiri thin the fraaewotk of the systemat^lc-^cfonjectures; and (3) 
selecting from among the alternatives basedT on long^-range object Ives • 
*Such a plan of action assumes that many futures are possible and that 
the decisions made today vill determine the nature of science teach-- 
ing in the future CCornish, 1969; Williamson and others, 1973). It 
enables the^ future to be consciously Influenced in selected directions. 

Identification and clarification of the objectives for science 
teaching are among the first tasks of individuals who partic^lpate xq 
the planning component of the model for change. It is essential that 
the objectives be clearly stated, thororaghly understood, and even- 
txially^ accepted by all who participate In the change process. A 
related task is the establishment of specific criteria and levels of 
acceptance for determining when the objectives have been atca-lned. 
Objectives serve as the centrai focus around which tne remaining com- 
ponents of the model are pJLanned Kat carried out. .Additional tasks 
that mtist be considered during the planning component follow: (1) 
Identifying sources of resistance, (2) establishing strategies to 
mlnixalze resistance, (3) determining area of involvement as well as 
rate and direction of change, C4) including available research results 
Into a plan of action, (5) developing a commitment to change, (6) 
establishing guidelines for conflict, resolution, (7) Identifying all 
available resources and fore q;s that augment change process, (9) 
establishing programs of public information,. (10) obtaining public 
support, (11) inyoiving representatives of all groups affected in the 
>change process, (12) decermining what individuals, and how each, will 
be affected by the change, (13) identifying mechanisms -used lot taain- 
talnlng status quo, (14) establishing a support system for those who 
participate in change process, (15) considering possible effects of 
change on other aspects of educational prc^ram, and (16) making results 
of attempted change known to others • 

A detailed description of each component in Figure 1 is beyond the 
limitations of space, but several caveats seem necessary. None of the 
components should be omitted or seen as having less importance than 
the others. Each is essential and makes its unique contribution to 
the overall success or failure of ange attempts. Data from assess-- 
ment are Indispensable for adequate planning and implementing the 
trial component. ^ After questioning 600 educators. Wolf and Fiorino 
(1973) reported that nearly c*o-half of the, subjects who adopted inno- 
vations did so without- any kind of trial or consideration of scientl- 
flcally gathered information. Such a situation is untenable; adoption 
-cannot be accomplished in an objective manner in the absence of infor- 
mation provided by*The trial and evaluation components. Successful 
implementation and dissemination follow abd are dependent upon a 
teacher education program that makes provisions ^or understanding and 
accepting the objectives and methodology Involved in the change process 
and for establishing a cocmicment to >he necessity of change. 



Proper dissetaination^^^ also dependent upon accuracy and tlaeli- \ 
ness o£ reporting. Ohsie (1972) pointed out that tsany Innovation 
projects reported in the literature reflect what vas hoped for rather 
than What vas real^ reflecting preaaa tare reporting and/or desire for 
national recognition and financial gain/" The report should he d^slayed ' ^ 
until the trial and evaluatior components ^re coopleted» and it should 
Include an acct^ate dei^cripcion of the project, ijaciuding specific 
detail^ of plaroing, rationale, ohjectives, operational details, and 
special resources as well as the aethod, techniques, and results of 
the evaluation component* ^ ' "7 

Guidelines and /Requisites for Change 

j|^igureu2 is presented as a sunsary of the major idea^st discussed 
in this chapter. It is a checklist of guidelines>and t^uisites for 
fcringing ah6ut change. The checklist contains 71 itens arraSged into ^ 
four categories including personal qualities of chafiige agent (s) » 
facilitating cosanun^cation, relacing to society, ^tnd planning and 
inpiementlng plans/ The categories are not co»?letely mutually exclu- 
sive, nor are the items inclusive of all possible guidelines and 
requisites for change, the iteas vere selected ou a pjriori grout^s 
as heing aaong the aost essential. The order of the isens-and cate-- 
gories does not suggest an hlerarchlal arrangeoent. The instruneat 
sisq>ly represents a first atteipt to organize and develop a checklist 
that should provide change agents with assistance in planning, inple- 
menting, and evaluating chSinge in science education,' 

CHANXS ??!OCHSS CKECKLISr 

DIRECTIOSS: Below is a list of gtiideliaes aad re<;ulsites for accerpc- 
Ing CO brlsg sbouc change. Indicate -whlcb ones you have 
coapicced or provided for by chedcing the black at the 
\ left. 

Personal Qualities of Cha7>ge Ajients 

( ) 1. established and caiatained ( ) 36. made parcicipacion la - 

a high degree of faith in cha^^ge process as volua- 

8€lf and others tary as possible 

C ) 2. exhibited tolerance for C ) 37. established level of change 
turbulence^ corapiexity^ vi thin cocpetence of teachers 

and aabiquity 

^ ( > 38. secured support of active 
C y 3n provided psychological opinion leaders 

support for participants 

during risky phases of C ) identified availably 
change process. .resources 

( ) 4^ accepted others as equal ( ) ^0. established adequate sxxp^S 

participants in change system for those vho took 

< process part in change process 

■ 333 ■ 

■ 342 . . 



CHANGE PROCESS CHECKLIST--Contitmed 



( ) 5.. exhibited an oppermcss - 
/ for scif-<:hatige 

C ) 6. conducted periodic self- 
evaliaatlons 

( > 7/ respected octoer Ideas and 
points of vlcv 

( > S. coiisciousiy utilliied the 
abilities of orbers 

( ) 9. displayed a consiscenc 
^ pattern of behavior 

Facilitating^ ^Cccsunicaclon 

( ) lOr provided opportunity for 
ahariog beliefs and feel- 

{ ) 11. actively sougb^c feedback 

fri?a others to cospare per- 
ceptions concerning various 
aspecrs of change process . 

( ) 12. established ci.spsphere free 
of censorship 

( ) 12m vieved change as a cooper- 
ative endeavor 

C encouraged attitude of 

cooperation berveen teachers 
and adniniscrazors 

C ) 15. delayed reporting until ?ilcc 
and evaluation data vere 
cosspleted 

( > 16. accurately described project, 
iis. the report 

( ) l/^'^^treated ideas as property of 
r;roup rather chars of indi- 

C ) IS* dei tt vich interpersonal 
rel tions prpbies;s t^at 
arc-5e during group vork 

( > 19* estrabiishec and maintained 
Cvp--i^y coTssunlcation^ 



( } Al. based change 6n available ^ 
research results 

\ y Urn starced vit»i concerns and ■ 
probletas teachers faced 

( ) A3, involved individuals vho 

vere affected in detemlning 
If and vhat change should 
occur 

( ) 44^ secured adequate fiscal power 

( > 45\ stated purposes clearly and 
precisely 

A6» reached consensus regarding 
. ^'^ need for change 

C ) 47. secured comaitaent to change 
early in process to sustain 
tsorale 

( ) iS. tRade decisions by seeking 
consensus 

i ) ^9, considered rare ^s veil as 
direction of change 

^ ) 50. deal?: with participants in 
a raanner congruent vich 
principles of change process 

( ) deternined vhat and hb*-? 
individuals wot^id be 
affected by change 

( y 52. ascercained effecr^s of 

■■^^ ^ change orher aspects of 
educational syste'z 

C ) 53* planned for e:<perience 

satisfaction and s^;^ccess at 
various intervals through- 
out the change process 

( ) 54^ provided opportuni::y for 

participants to understand 
nature of change and its 
consequences 

( ) ,55. included strategies for 
value clarification 
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CHANCE PROCESS CHECKLIST— -Cont tnued 
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( ) 20. provided deaocratic 

leadership where parci- 
cipants shared in 
decision caking 

( ) 21, tJTide provisions for 
sharing ideas 

( ) 22* encouraged and provided 
for social interaction 
aflftong participants 

( )* 23- promoted feeling of 
Butuai trust 

Relating to Society 

( ) 24* utilized representatives 
of public as active par- 
ticipants throughout the 
process 

{ ) 25. responded to felc needs 
of society 

' ) 26, enlisted public support 

( ; 27. established progras: of 
public iuforsation 

{ ) 28. considered social inpii-- 
cations of plan led 
change 

Planning and lap ler:eti ting Plans 

{ ) 29, developed a coiDprehe':5:ive 
plan of action 

{ ) 30, identified a delineated 
aodel of change 

( ) 31. promoted efforts toward 
future-planning 

( ) 32, placed equal amounts of 

tiae, energy^ and resources 
on planning a^ other 
aspects of change nodel 

( ) 33, identified corsnon sources 
of resistance 
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( > 56. realized chat change requires 
considerable time and energy 

( ) 57. implemented various strate- 
gies to c'^tain value consen- 
sus regarding objectives and 
method of instruction 

( ) 58. held some aspects of program 
constant while attempting to 

change others 

( ) 59. built-in program for self- 
renewal into plan for change 

C ) 60. developed guidelines for 
conflict resolution 

( ) 61. made provisions for complete 
understanding of tasks by 
individuals involved in process 

( ) 62. coordinated 'change with rest 
of educational program 

( ) 63. realized that implementing 

change required mutual adap- 
tion on part of change agent 
and target for change 

C ) 64, used assessment data in plan-r 
nlng and implementing pilot 
or trial program 

( ) 65. planned evaluation that 

included techniques, methods » 
criteria, and levels of 
acceptance 

C ) 66. established a conprehensive 
teacher preparation program 

( ) 67. conducted teacher preparation 
program on change site 

( ) 68. established a plan for 
dissemination 

C ) 69*> b^ised adoption on data from 
pilotand evaluation programs 

( ) 70. secured participation in plan- 
ning when possible of those - 
who provided resistance 



CHANGE PROCESS CHECKLISTT-^Contlnued 



( > 34. designed strategies to^ 
minimize resistance 

( ) 35. utilized potential con- 
tributions of resistance 



( ) 71* shared responsibility for 
decisions to reduce risk 
of experimentation 

( ) 72/ identified and utilized 

forces .that promote change 



Fig. 2. — Checklist for assisting change agent(s) in planning 
and implementing change in science education. 
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